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intercom  at  sea . 

OffScial  U.  S.  Navy  photograph  of  a  warrant  gunnar  at  hii  post  in  an  aftar  gun  diractor 

CIRCUIT  SYMBOLS  STANDARDIZED . 

Conflict  batwaan  communication,  powar,  control  and  maasuramant  usages  resolves  in  a  compromise 


OTAUKEE'S  RADIO  CITY....: . 

Description  of  modern  combined  studio  and  offica  building  for  f-m,  a*m  and  television  broadcasting 

>ORTABLE  AUDIO-FRE9UENCY  STANDARD,  by  Willican  Foyer  . 

Tuning-fork  unit  facilitates  adiustmant  of  carriar-currant  communication  system  signal-oscillator  circu 

SURFACE  HARDENING  OF  METALS,  by  H.  C.  GiUe^ie . 

Steals  processed  by  induction  at  radio  frequencies  exhibit  superior  wear  and  fatigue  characteristic 

STABLE  DIRECT-COUPLED  AMPLIFIER,  by  G.  Robert  Merger . 

A  unit  covering  audio  frequencies  from  zero  up  to  natural  limitations  of  RC  coupling  systems 

lapping  quartz  for  war . 

Steps  that  have  helped  accelerate  production  of  essential  crystals  for  the  armed  forces 

Measurement  of  high  vacuums,  by  h.  h.  Zielinski . 

[  A  description  of  gagas  used  in  r^valopmant  of_alactronic  devices  employing  low  pressures 


>HOTOELECTRIC  PLETHYSMOGRAPH.  by  W.  E.’  Gilson 

Records  st^ta  of  full^ss  of  blood  vassals  by  measuring  ear  opacity,  using  unique  direct-coupled  amplifier 


lIRCRAFT  radio  maintenance,  by  A.  F.  Trumbull  _ _ 

Analysis  of  qualifications  and  duties  of  radio  mechanics  on  commercial  airlines 

pMPUTING  CIRCUIT  RESPONSE  TO  PULSES,  by  John  B.  Trevor.  Jr . 

Method  gives  network  voltage  at  any  cycle  aftar  api^ication  of  a  repetitive  discontinuous  waveform 

ETECTING  HRE  AT  SEA .  . 

Photocell  monitors  air  drawn  in  sequence  from  various  spaces  in  ship,  detecting  first  traces  of  smoke 

1LAMENT  AND  HEATER  CHARACTERISTICS,  by  Cecil  E.  Haller . 

Chart  gives  currant,  tamparatura  and  wattaga  of  filament  at  any  operating  voltage  over  wide  range 

rNNA  POWER  DIVIDER,  by  Earle  Travis. . ....  . . . 

Chart  shows  correct  network  values  for  any  desired  division  of  currents  in  a  two-alamant  broadcast  array 

EW  ENEMY  RADIO  EQUIPMENT,  by  H.  John  J.  Willig . 

Analysis  of  German  and  Japanese  sets  manufactured  in  19  43  shows  improved  design  and  construction 

OWER  EFFICIENCY  IN  NONLINEAR  TRANSMISSION  SYSTEMS,  by  Horry  Stockman . 

Application  of  Chaffee  contour-diagram  method  to  nonlinear  transmission  systems,  with  practical  axampi 

LECTRONIC  THERMOMETER,  by  Paul  G.  Weiller  and  Irving  H.  Blot* . . 

Uses  glass  bulb,  filled  with  organic  material  having  high  tamparatura  coefficient,  in  a-c  bridge  circuit 

PFECTS  OF  ELECTRIC  SHOCK,  by  H.  A.'Poehler . 

Three  common  causes  of  death  by  shock;  affects  of  frequency,  currant  magnitude  and  duration 

HERMAL  NOISE  IN  A  PARALLEL  RC  CIRCUIT,  by  C.  J.  Merchant  . 

Simple  chart  shewing  noise  in  microvolts  duo  to  thermal  agitation  in  a  parallel  RC  circuit 
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for  nearly  two  centuries 

Tobe  Capacitors,  too,  are  "on  the  beam”— giving  years 
of  dependable  service  . . .  for,  at  Tobe,  long  life  is  as 
integral  a  specification  as  the  dimensions  themselves. 
That  is  why,  with  millions  of  Tobe  Capacitors  oper¬ 
ating  under  all  conditions,  "returns”  are  practically 
negligible.  Continuation  of  this  enviable  record  rests 
on  long,  specialized  manufacturing  experience— inteir- 
sive  inspeaions  —  and  constant  research.  Illustrated 
below  is  the  Tobe  OM-Capacitor.  This  capacitor  is  a 
mineral  oil  impregnated  unit  in  a  streamlined  drawn 
container,  hermetically  sealed.  The  hold-down  bracket 
permits  the  use  of  either  inverted  or  upright  terminals, 
with  wiring  underneath  or  on  top  of  chassis.  You  will 
find  Tobe  engineers  ready  to  cooperate  on  your  own 
capacitor  problems.  Why  not  inquire  now.^ 


SPECIFICATIONS 


OM-CAPAarORS 

TYfE  OM-* 

lATimS  :  ;  .05  to  2.0  mfd.  600  V.  D.  C. 

.05  mfd.  to  1.0  mfd.  1,000  V.  D.  C  ’ 
STUBMO  CAPACITY  TOLEIANCE  .  .  .  .  ;  20%** 

TEXT  VILTACE . Twice  D.  C-  rating 

ClOim  TEST ;.....  .  2,500  Volts  D.  C 
OPEIATim  TEMPEUTIIE  :  .  -55°  F  to  185°  F 
SKINT  lESISTANCE 

.05  to  0.1  mfd.  20,000  megohms 
.25  to  0.5  mfd.  12,000  megohms 
1.0  to  2.0  mfd.  12,000  megohms 
POWEI  FACTOR 

At  1,000  cycles— .002  to  .005 
CONTAINEI  SIZE 

Width  length  is/ie'.  height  2 'A' 
MOBNTim  HOLE  CENTEIS . VA' 


MIDGET  OM-CAPACITORS 

TYPE  OMM‘ 

KATINGS  .  .  .  .05,  .1  and 

2X.05  600V.D.C 
-.05x.l  lOOOV.D.C 
STANDAID  CAPACITY  TOLEIANCE  .....  20%** 

GIOINDTEST . :  2,500  V.D.C 

OPEUTINGTEMPEIATIIES.  .  -55°Fto  185° F 
SUNT  lESISTANCE  ....  20,000  megohms 
POWEI  FACTO!  :  :  At  1,000  cycles-.0075 
CONTAINEI  SIZE 

Width  length  iVie'.  height  I'Vet' 
MODNTING  HOLE  CENTEIS  . . V/i’ 


*Data  sheets  showins  complete  code  number  for  units  hsTina  a  specific  capaci* 
tance  value  and  voltage  rating  available  on  request.  **Other  tolerances  available. 
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Free  Enterprise 

The  Obligation  of  Management  and  Labor 
to  Cooperate. . ,  in  War. . .  in  Peace 
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The  Invasion  is  on!  We  have  unleashed  our  full  might 
for  military  victory.  We  have  confidence  that  our  great 
strength  will  bring  success.  We  are  strong  because  we 
have  achieved  unity  in  mobilization  and  in  combat. 

Though  victory  appears  assured,  we  cannot  rest  until 
we  have  done  everything  in  our  power  to  speed  the  day 
when  death  and  destruction  are  halted. 

The  home  front  is  an  important  factor  in  this  time 
element,  for  the  fighting  power  of  our  Armed  Forces 
depends  upon  their  weapons.  Napoleon’s  army  fought 
“on  its  stomach”— man  against  man.  Eisenhower’s  men 
fight  on  their  tonnage— tanks,  artiller\%  machine  guns, 
heavy  bombers. 

As  never  before  in  the  long  succession  of  wars,  the 
legends  of  heroic  deeds  on  the  battlefronts  in  this  world 
conflict  will  be  paralleled  in  histor)'  by  the  great  accom¬ 
plishments  on  the  production  fronts.  Along  with  these 
heroic  achievements  of  our  Armed  Forces,  the  w'orld  will 
long  remember  the  record  of  our  production  accomplish¬ 
ments  w'hich  have  made  us  the  stongest  military  power 
in  the  world,  as  well  as  the  arsenal  of  democracy. 

As  the  conflict  reaches  its  climax,  as  battles  grow 
fiercer  and  more  destructive,  our  responsibility  becomes 
greater  and  more  critical.  W’e  must  coordinate  our  pro¬ 
ductive  efforts  with  the  same  ingenuity  and  the  same 
precision  with  which  our  Armed  Forces  have  coordi¬ 
nated  theirs.  dare  not  waste  the  productivity  of  a 
single  man  or  machine  in  these  critical  days. 

As  our  landing  craft  are  discharging  our  fighting  men 
on  the  beaches  of  Europe  and  the  Pacific,  they  must  not 
want  for  equipment.  No  interference  with  war  produc¬ 
tion  for  any  reason  can  be  justified.  ’Hiere  must  be  no 
picket  lines  in  America! 

The  landing  of  American  troops  in  France  virtually 
has  stopped  all  strikes  in  the  United  States,  lliis  is  im¬ 
portant  and  encouraging  news  because  the  prelude  to 
Invasion,  unfortunately,  has  been  an  epidemic  of  strikes, 
l  ime  lost  through  strikes,  during  the  first  four  months 
of  1944,  was  double  that  lost  during  the  same  period 
last  year.  April  saw  more  strikes  than  any  other  month 
since  Pearl  Harbor,  and  in  May  the  record  again  was 
broken.  Here  is  what  happened  within  two  weeks  in  May: 

Nine  thousand  men  in  six  Chrvsler  plants  in  Detroit  were 
out  when  a  jurisdictional  dispute  in  a  “soda  pop”  war  be¬ 
tween  the  American  Federation  of  Labor  teamsters  and  the 


Congress  of  Industrial  Organizations  fired  their  discontent. 

A  three-day  sit-down  strike  occurred  among  950  employees 
in  the  B.  H.  Aircraft  plant  over  the  refusal  of  the  company 
to  discharge  a  superintendent  unsatisfactory  to  the  union. 

Thirteen  hundred  men  in  the  Chevrolet  transmission  and 
axle  plant  at  Saginaw  struck  over  a  no-smoking  rule  and  a 
change  in  shift-starting  time. 

Two  thousand  employees  at  the  Browne  and  Sharpe  Manu¬ 
facturing  Company  walked  out  when  a  woman  was  hired  to 
fill  a  job  long  held  by  a  man. 

Production  of  penicillin,  blood  plasma,  and  other  medical 
supplies  was  halted  at  two  Detroit  plants  of  the  Parke  Davis 
Company  as  1900  employees  struck  for  a  ten-cent  raise. 

Over  25,000  lumber  workers  in  the  Pacific  Northwest 
struck  because  the  \\ar  Labor  Board  denied  their  demand 
for  a  wage  increase. 

At  the  end  of  the  third  week  of  May,  70,000  workers  in 
26  plants  in  Detroit  were  idle  because  of  strikes. 

Strikes  in  Detroit  alone  reduced  production  as  much 
as  a  moderately  successful  German  air  raid  would  have 
done.  Far  more  important  than  their  effect  on  output  is 
the  effect  of  strikes  upon  national  unity'  and  morale.  To 
our  home  front  and  to  our  Armed  Forces,  strikes  belie 
our  pledge  to  back  the  attack  with  all  the  power  at  our 
command.  Hence,  strikes  limit  our  all-out  war  effort. 

Prompt  and  decisive  action  is  needed  to  keep  America 
free  from  strikes  for  the  remainder  of  the  war.  Stop¬ 
pages  of  work  on  the  production  lines  cannot  be  con¬ 
doned  while  lives  are  being  lost  in  fighting  the  enemy. 

Most  union  leaders  realize  this  need  and  are  prepar¬ 
ing  to  impose  discipline  upon  their  members  who  v  iolate 
the  no-strike  pledge.  Tire  Warehouse  Division  of  the 
International  Longshoremen’s  and  ^^arehousemen’s 
Union  (C.I.O.)  recently  declared:  “Strikes  in  this  time 
of  war  are  treason  against  the  nation  and  betrayal  of  the 
interests  of  labor.”  A  message  sent  by  W^illiam  Green  to 
all  heads  of  American  Federation  of  Labor  unions  stated: 

“D  day  is  here.  From  now  on  until  Hitler  is  finally  crushed, 
every  worker  enrolled  in  the  army  of  production  must  con¬ 
sider  himself  a  part  of  the  invasion  forces  of  the  United 
States  and  conduct  himself  accordingly.  I  call  on  you  in  the 
name  of  the  American  bovs  who  are  risking  their  lives  un¬ 
der  enemy  fire  to  maintain  uninterrupted  production  under 
any  and  all  circumstances,  lintil  \  ictor\'  is  won  eveiv-  worker 
must  give  the  same  all-out  service  that  our  Armed  k'orces 
are  giving  on  the  field  of  battle.” 
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Strongest  of  all  was  the  appeal  of  R.  J.  Thomas,  presi¬ 
dent  of  the  United  Automobile  Workers,  to  members 
of  his  union: 

“Our  union  cannot  survive  if  the  nation  and  our  soldiers 
believe  that  we  are  obstructing  the  war  effort . . .  there  can 
be  no  such  thing  as  legitimate  picket  lines  ...  I  appeal  to 
our  membership.  If  you  value  your  union,  if  you  want  to 
live  and  sene  after  the  war,  we  must  restrain  ourselves 
and  our  hot-headed  brothers  today.  If  we  do  not,  there  will 
be  no  union  after  the  war." 

Union  officers  are  entitled  to  vigorous  support  from 
management  and  government  in  their  efforts  to  prevent 
strikes.  Behind  many  a  strike  is  an  accumulation  of  un¬ 
settled  grievances.  Nianagements  are  overworked,  and 
many  union  shop  stewards  are  new  and  inexperienced 
and  do  not  always  do  their  part  in  turning  down  cases 
which  lack  merit.  Both  of  these  conditions  make  it  easy 
for  large  backlogs  of  unsettled  grievances  to  pile  up.  A 
special  drive  to  clean  up  unsettled  cases  and  to  prevent 
new  accumulations  of  them  is  one  way  by  which  man¬ 
agements  and  local  union  officials  can  help  shorten  the 
war. 

The  government  too  has  a  contribution  to  make  to 
the  prevention  of  strikes— both  through  the  prompt  dis¬ 
posal  of  disputes  and  through  firm  action  against  the 
leaders  of  strikes.  The  National  War  Labor  Board  and 
the  Regional  Boards  are  disposing  of  over  five  thousand 
cases  a  month  and  have  made  an  excellent  record  in  re¬ 
ducing  their  backlogs.  Nevertheless,  the  boards  still  have 
many  old  cases;  and  about  one  out  of  four  strikes  has 
been  an  effort  to  get  action  from  one  of  the  labor  boards. 
The  boards  are  entitled  to  cooperation  from  employers 
and  unions  in  keeping  down  their  docket.  In  instance 
after  instance,  cases  are  dumped  in  the  lap  of  the  board 
before  the  union  and  employer  have  made  a  real  effort 
to  get  a  meeting  of  minds  and  to  work  out  settlements. 

In  the  present  emergency,  strikes  are  an  expression  of 
the  lack  of  adequate  understanding  and  team  work  be¬ 
tween  unions  and  management.  Any  future  great  up¬ 
surge  in  industrial  strife  likewise  will  be  due  to  misun¬ 
derstanding.  After  this  war  this  country  must  not  go 
through  another  "1919”  when  the  time  lost  from  strikes 
reached  an  all-time  high.  With  13  million  workers,  or 
almost  half  of  the  non-salaried  employees  of  the  coun¬ 
try,  in  trade  unions,  the  power  and  prestige  of  unions  is 
greater  than  CN  er.  The  long-run  prosperity  of  the  coun¬ 
try  requires  that  business  and  lahoi  learn  how  to 
cooperate  in  supporting  the  policies  which  produce 
the  largest  possible  profits  and  the  largest  possible 
payrolls. 

Although  business  is  primarily  interested  in  the  larg¬ 
est  p>ossible  profits,  and  labor  is  primarily  interested  in 
the  largest  possible  payrolls,  both  objectives  call  for  the 
same  basic  conditions.  Payrolls  depend  upon  the  pros¬ 
pects  for  profits.  If  bad  relations  betw  een  business  and 
labor  or  unwise  public  policies  cause  employers  to  take 
a  pessimistic  view  of  the  outlook  for  profits,  both  em¬ 
ployment  and  payrolls  will  be  depressed. 

Individual  unions  and  individual  employers  alwuys 
will  have  differences  over  wages  and  hours  and  the  status 


of  labor  in  particular  plants  or  in  particular  occupations. 
Some  disputes  on  such  issues  are  inevitable,  but  resort 
to  arbitration  and  calm  intelligence  can  help  greatly  in 
avoiding  strikes  in  the  long  run.  Cooperation  betwee  n 
labor  and  management  is  an  economic  necessity.  In  our 
kind  of  economy,  payrolls  and  profits  both  depend 
upon  the  willingness  and  the  ability  of  business  and 
labor  to  work  together  in  creating  the  conditions  un¬ 


der  winch  enterprise  flourishes. 

The  foundation  for  intelligent  and  effective  coopera¬ 
tion  must  be  accomplished  by  skillful  and  imaginative 
managers  in  plants  throughout  the  country  w  ho  are  will¬ 
ing  to  help  unions  with  their  problems,  and  who  are  able 
to  interest  union  leaders  and  their  members  in  the 
problems  of  business.  Union  members  and  their  leaders 
are  keenly  interested  as  a  rule  in  the  efforts  of  manage¬ 
ment  to  win  new  markets.  They  know  that  jobs  depend 
upon  the  success  of  managements  in  improving  the 
product,  adding  new  items  to  the  line,  and,  less  frequent¬ 
ly,  cutting  costs  and  prices.  Employees  like  to  be  kept 
informed  about  what  management  is  doing,  what  prob 
lems  it  is  meeting,  and  what  success  it  is  having.  Most 
of  all,  they  like  to  have  an  opportunity  to  contribute 
their  ideas  and  suggestions. 

The  recent  epidemic  of  strikes  should  not  blind  us  to 
the  fact  that  even  today  there  are  more  plants  where 
managements  and  unions  are  on  good  terms  than  ever 
before  in  the  country’s  history.  Consider,  on  the  one 
hand,  the  extensive  and  constantly  growing  efforts  of 
unions  to  train  and  develop  shop  stewards  and,  on  the 
other  hand,  the  efforts  of  employers  to  teach  foremen 
how  to  carry  out  the  new  responsibilities  imposed  upon 
them  by  union  agreements.  Unions  and  managements 
together  are  learning  how  to  operate  together  such  tech¬ 
nical  devices  as  time  study  and  job  evaluation.  Manage 
ments  which,  several  years  ago,  opposed  the  provision  of 
umpires  to  interpret  union  agreements  and  to  setth 
deadlocked  cases  today  are  taking  the  lead  in  suggesting 
such  arrangements. 

The  war  is  reaching  a  crisis,  and  all  groups  in  the 
country  must  be  aware  as  never  before  of  their  com¬ 
mon  interests.  This  presents  an  opportunity  which 
should  be  seized  to  lay  the  permanent  foundations  for 
more  effective  team  work  in  American  industry.  Let  his¬ 
tory  record  that  the  days  when  Europe  was  being  lib¬ 
erated  also  w'ere  the  days  when  unions  and  employers 
w  ere  making  unprecedented  progress  in  preparing  Amer¬ 
ican  industry  for  the  return  of  the  service  men  by  de¬ 
veloping  p)olicies  of  cooperation  between  business  and 
unions.  Such  cooperation  will  help  achieve  a  peace 
worthv  of  our  efforts  and  our  sacrifices. 


President,  McGraw-IIiU  Publishing  Company,  InC- 


mailer  brothers  of  the  Eimac  35T  and  35TG,  these 
two  trtodes  are  filling  a  need  in  high-frequency  equip- 
ment  of  relatively  low-powered  class.  They  attain  a 
order  of  elficienc}'  on  frequency  in  the  VHP  range 
and  perform  equally  well  at  lower  frequencies. 

In  every  way  these  two  are  worthy  additions  to  the 
Eimac  family. . .  embodying  all  the  Eimac  features  in- 
>  ^^duding  complete  freedom  from  premature  emission 

=  '* /'  _  failures  due  to  gas  released  internally. 

^  Complete  data  is  available  without  obligation.  Write 

for  it  today.  Also  ask  for  your  complimentary  copy  of 
Electronic  Telesis,  a  sixty-four  page  booklet  which  gives 
the  fundamentals  of  Electronics  and  many  of  its  appli- 
vv"  cations.  Written  in  layman’s  language,  this  booklet 

will  assist  engineers  in  explaining  the  art  to  novices. 

EITEL-McCULLOUGH,  INC.,  893  San  Mateo  Avenue,  San  Bruno,  California 

Plonts  located  ot:  Son  Bruno,  California  and  Salt  Lake  City,  Utah 
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Mallory 

Standardization  Program 
for  Electronic  Components 

Breaks  a  Production  ‘^Log~Jam^^ 
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Cooperation  is  a  reality  in  wartime.  Mallory 
engineers  have  just  provided  another  striking 
example  of  practical  cooperation  with  a  re¬ 
search  program  for  standardization  that  assures 
speedier  production  and  improved  construc¬ 
tion  of  components  vital  to  the  war  effort  .  . . 
conserves  valuable  engineering  time  for  you. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


For  the  first  time,  a  manufacturer  of  electronic 
parts  has  thoroughly  studied  the  effects  of  various 
salt  spray  conditions  on  combinations  of  metals, 
alloys  and  platings.  One  result  has  been  Mallorj  ’s 
development  of  two  standard  types  of  construc¬ 
tion  for  radio  components: 


Type  A-  most  parts:  stainless  steel  and 
nickel -plated  brass. 

Type  B  — most  parts:  cold  rolled  steel  and 
brass,  cadmium-plated. 


tions.  Mallory's  new  standards  are  helping  to 
break  this  "log-jam”,  with 


•  Specifications  and  ordering  vastly  simplified. 

•  Production  speeded  and  made  much  easier. 

•  Deliveries  to  customers  made  more  promptly. 


Mallory  cooperation  isn’t  limited  to  producing 
better  switches,  jacks  and  volume  controls,  faster. 
Normally,  the  salt  spray  data  would  be  kept 
secret  and  used  only  by  Mallory.  But  throughout 
the  war,  Mallory’s  policy  has  been  to  provide 
useful  information  to  anyone  in  American  industry 
who  can  put  it  to  work  for  victory.  Now  Mallory 
offers  complete  data  on  the  materials  and  plat¬ 
ings,  chosen  on  the  basis  of  thprough  salt  spray 
tests,  for  various  parts  of  Mallory  switches, 
variable  resistors  and  jacks.  Valuable  data  on 
fungicidal  protection  has  also  been  compiled. 


Collected  in  a  20-page  bookletj  this  useful 
information  is  yours  for  the  asking.  Write 
us  on  your  business  letterhead  today. 


Extensive  Mallory  research  has  proved  what 
metals  do  the  best  job  in  each  part  of  a  switch, 
variable  resistor  or  jack  assembly — what  plating 
thickness  is  required — what  combination  of  ma¬ 
terials  will  withstand  rigorous  salt  spray  tests. 
Until  now,  production  of  rotary  circuit  switches 
and  other  components  has  been  delayed  by 
dozens  of  specifications — often  conflicting — for 
materials,  plating  finishes  and  special  construc- 


Also,  the  new  Mallory  constructions  are  obvious 
improvements  because  the  materials  selected  for 
each  part  have  been  proved  best. 


Mallory 
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CROSS 


►  ALADDIN  .  .  .  Years  ago  everyone  got  pretty 
bored  with  the  constant  comparison  of  the  radio  tube 
with  Aladdin’s  lamp.  And  yet,  has  man  ever  developed 
a  new  device  which  required  so  little  raw  material,  or 
so  little  time  to  build,  or  so  few  man-hours  of  labor 
and  which  delivered  so  much  good  to  the  world  as  the 
radio  tube?  What  else  in  man’s  experience  is  worth 
so  much  in  relation  to  its  mass,  or  volume  or  any  other 
criterion? 

Capable  of  being  held  in  the  palm  of  the  hand,  the 
electron  tube  controls  the  communication  channels 
which  tie  the  world  together,  it  may  decide  the  man¬ 
ner  in  which  the  war  will  be  won,  it  is  the  heart  of  the 
world’s  greatest  forces  for  education  and  entertain¬ 
ment — broadcasting  and  the  movies. 

Truly  it  can  be  said  that  the  electron  tube  is  made 
almost  entirely  out  of  men’s  brains. 

►  TRANSIENTS  .  .  .  The  post-war  technical  world  of 
electronics  is  going  to  be  different — so  different  in 
fact  that  engineers  who  have  not  had  opportunity  to 
keep  themselves  up  to  date  by  engaging  in  war-work, 
by  reading  or  by  going  to  out-of-hours  courses  will 
have  difficulty  in  recognizing  the  new  electronics  as 
having  much  in  common  with  pre-war  techniques. 

Sending  power  down  a  pipe  or  tube  apparently 
without  a  return  conductor  will  no  longer  impress 
communications  men.  Antennas  only  a  few  inches 
long,  having  high  directivity,  will  not  be  rare.  “Mega- 
[  watts”  of  power  will  be  closely  linked  with  microsec¬ 
onds  of  time.  The  generation  and  use  of  pulses,  which 
got  their  start  in  television  and  welding  control,  will 
become  a  new  art  which  radio  men  must  study 
assiduously.  In  fact,  older  methods  of  analyzing 
circuits  on  the  basis  that  only  sine  waves  are  to 
go  through  them  are  already  outmoded.  There  is  now 
a  whole  book  on  radio  principles  (published  by  the 
Government  and  on  the  restricted  list)  which  barely 
mentions  sinusoidal  waves. 

The  future  engineer  must  know  as  much  about 


TALK 


strange  wave  forms  as  we  now  know  about  sine 
waves.  He  must  know  what  happens  when  any  of 
the  newer  forms  of  waves  are  impressed  upon  com¬ 
binations  of  L,  C  and  R.  He  must  know  the  instan¬ 
taneous  events  that  occur  and  will  no  longer  be  solely 
interested  in  the  steady-state  conditions. 

All  of  this  brings  us  to  the  subject  of  transients. 
In  the  old  days,  transients  were  annoying  occur¬ 
rences,  studied  by  power  engineers  concerned  with 
switching  problems,  but  largely  ignored  by  radio 
men.  Those  days  are  gone. 

In  our  August  issue,  the  first  of  a  series  of  articles 
on  the  general  subject  of  transients  will  appear,  a 
series  written  by  Mr.  Dudley,  our  Western  Editor. 
No  reader  of  Electronics  who  hopes  to  have  a  stake  in 
the  days  to  come  can  afford  to  overlook  these  articles, 
or  can  afford  not  to  study  them  carefully. 

►  TREND?  .  .  .  During  the  war,  there  has  been 
much  talk — and  lots  of  work — on  the  science  of  dehy¬ 
drating  foods.  The  purpose  is  obvious  saving  of  ship¬ 
ping  space  and  weight.  Electronic  heating  has  been 
considered  as  one  of  the  means  by  which  excess  mois¬ 
ture  can  be  extracted  from  foods. 

It  must  be  remembered,  however,  that  people  still 
want  fresh  food,  that  shipping  space  will  not  always  be 
at  a  premium.  Thus,  the  future  role  of  electronics  in 
food  dehydration  is  still  anybody’s  guess. 

►  DAMN  .  .  .  Some  high-powered  fellows  at  MIT 
developed  an  electronic  method  of  measuring  the 
areas  of  irregular  objects,  such  as  the  hide  of  a  cow. 
The  apparatus  was  duly  devised,  patented  and  con¬ 
structed.  It  worked  swell.  Now  it  seems  that  the 
hide  people  make  their  profit  on  fractions  of  the  unit 
area  measured.  These  fractions  are  rated  up  to  the 
next  higher  whole  number  and  go  to  the  credit  of 
the  house. 

Trouble  is  the  electronic  system  is  so  accurate  that 
there  are  no  fractions,  therefore  no  profit,  and  no 
sales  for  the  electronic  gear. 


n 


Circuit  Symbols 


STANDARDIZED 


Conflict  between  comunications,  power,  control  and  measurement  usages  in  repre¬ 
senting  resistors,  capacitors,  inductors  and  contactors  resolves  in  a  compromise.  New 

electron  tube  symbols  determined 


w  FTER  a  *  great  deal  of  travail, 
symbols  for  certain  electrical 
components  entering  widely  into 
electronic  apparatus  have  been 
standardized. 

As  readers  of  Electronics  al¬ 
ready  know,  long-standing  conflicts 
have  existed  between  the  flelds  of 
communications,  power,  control  and 
measurement  concerning  the  sym¬ 
bols  for  capacitors,  inductors,  re¬ 
sistors  and  contactors.  Lack  of  co¬ 
ordination  and  standardization  in 
the  symbolic  language  employed  in 
circuit  diagrams  has  interfered 
with  the  reading  of  these  diagrams, 
has  made  it  readily  possible  to 
make  serious  errors  in  wiring  and 
maintaining  equipment,  and  has 


caused  no  end  of  confusion  during 
the  wartime  period  of  intensifled 
production  of  electronic  gear. 


l■dMft^y  Studied  Problem 


On  January  22,  a  meeting  was 
held  under  the  auspices  of  the 
American  Standards  Association  to 
iron  out  the  difficulties.  Up  to  that 
time,  the  facts  were  as  follows:  A 
zigzag  symbol  represented  a  resis¬ 
tor  to  communications  engineers 
and  an  inductor  to  power,  control 
and  measurement  engineers.  Sim¬ 
ilarly,  two  short  parallel  lines  in¬ 
dicated  a  simple  contactor  to  a 
power  engineer,  and  a  capacitor  to 
a  communications  engineer. 

At  the  January  meeting  certain 


compromises  were  made.  In  re¬ 
sponse  to  a  letter  ballot  to  all  con¬ 
cerned,  however,  additional  objec¬ 
tions  and  suggestions  were  offered. 
These  were  considered  at  another 
ASA  meeting  in  March  and  at  this 
time  coordination  was  effected. 


Selatiea  A  Cempremis* 


The  situation,  now,  is  simply 
this:  A  resistor  is  represented  by 
either  the  rectangle  of  the  power 
group  or  the  zigzag  of  the  commu¬ 
nications  group.  An  inductor  may 
be  shown  by  a  series  of  closed  loops 
or  by  a  series  of  half-loops.  Thus, 
while  we  do  not  have  single  ssrmbols 
for  these  important  circuit  elfr 
ments,  and  are  forced  to  put  up 


NEW  ELECTRON  TUBE  SYMBOLS 


CATHODE-RAY 


MAGNETRON 


VELOCITY-MODULATION 

(Valocity-Toriation) 


PHOTOTUBE 

(Multiplier) 


Electrostatic 

Deflection 


Magnetic 

Deflection 


Resonant  (With  Transit-time 

electro-  Split-plate 

magnetic  loop  (With 

coupling)  stabilizing 

electrodes) 


Single-Caeity 

(With 

reflecting 

electrode) 


Double-CaTity 

(With 

collecting 

electrode) 
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COMPONENT  PART  SYMBOLS 


RESISTOR 

(Including  Rheostat  and 
Voltage  Divider) 


INDUCTOR 


VARIABLE 

OR 


ADJUSTABLE  I  Simpl#: 


tiled:  - - 


vyx — 


*  Thit  symbol  muif  always  be  used 
with  on  idontifyin^  loaand  within  or 
odjocont  to  tho  rocton^lo. 


CAPACITOR 


NOTE:  Whan  it  it  dosirad  •tpociolly 
to  dittin9uith  ma9n»tic  cor*  inductors, 
o  lino  or  linos  porollol  to  tho  oiis  of  tho 
loops  should  bo  used. 


ADJUSTABLE 


ryf^ - 


— — 


TRANSFORMER 

IftJuJ  LuuJ 

_  OR 

,pnnr|  pnnrj 

LaJ  IajuJ 

pwj  prY=7^ 


NOTE:  When  it  is  dosirod  •tpociolly 
to  dittin9uith  ma9notic  coro  tronsform- 
ors,  o  lino  or  linos  porollol  to  tho  oiit  of 
tho  loops  should  bo  utod 


CONTACT 


OPERATING  con. 


VARIABLE  OR  ADJUSTABLE 


NOTE:  Whoro  it  is  nocotsory  to  idon- 
tify  tho  copocitor  oloctrodos,  tho  curvod 
•lomont  shall,  roprosont  tho  outside  oloc- 
trodo  in  fitod  popor-di electric  ond  core- 
mic>dioloctric  copocitors,  tho  no9ativo 
•loctrodo  in  oloc^olytic  copocitors,  and 
tho  inovoblo  olomont  in  variable  and  od- 
justoblo  capacitors.  When  it  is  desired 
ospociolly  to  distin9uith  trimmer  copoci* 
tors,  tho  Utter  T  should  appear  adjacent 
to  tho  symbol. 


Simple:  ^ 


t  This  symbol  mutt  always  bo  utod 
with  an  idontifyino  l•9•nd  within  or  ad¬ 
jacent  to  tho  circle. 


Detailed: 


NOTE:  Thit  symbol  It  customarily  used 
with  toquonco  contacts. 


NOTE:  Tho  lino  roprotontin9  contocts 
shall  bo  opproiimotoly  equal  to  I  '4 
times  tho  width  of  tho  qap  between  the 
linos. 


SIMPLE  OR  SEQUENCE 


NOTE:  The  symbol  for  sequence  con¬ 
tact  may  also  b«  used  for  a  simple  con¬ 
tact  In  order  to  maintain  uniformity  and 
avoid  confusion  on  drawinqt. 


with  an  “either  or”  situation,  some 
confusing  factors  have  been  elim¬ 
inated. 

Two  unfortunate  situations  still 
exist,  but  under  the  circumstances 
all  industries  using  electron  tube 
apparatus  must  be  thankful  that  at 
least  something  has  been  accom¬ 
plished.  The  present  simple  con¬ 
tactor  symbol  will  continue  to  con¬ 
fuse  a  communications  man,  since 
it  looks  like  the  symbol  he  has  long 
used  for  a  fixed  capacitor.  The  zig¬ 
zag  symbol  for  a  resistor  w’ill  con¬ 


tinue  to  look  like  an  inductor  to  a 
power  man. 

EIcctroNics  Will  Use 

As  soon  as  possible  the  new  sym¬ 
bols  will  be  used  in  Electronics 
and  it  is  hoped  that  the  whole  long- 
continued  difficulty  due  to  the  lack 
of  agreement  will  soon  be  forgot¬ 
ten.  Instructors  in  college  and  tech¬ 
nical  schools  can  help  a  great  deal 
by  initiating  the  use  of  the  new 
symbols  in  their  classes  at  once.  In 
this  manner  the  oncoming  gener¬ 


ation  will  start  right  and  will  not 
have  to  change  their  language  as 
the  oldsters  now  must  do. 

Certain  other  symbols  for  new 
types  of  electron  tubes  have  been 
tentatively  standardized  and  ap¬ 
pear  here,  together  with  the  new 
C,  R,  L,  and  contactor  symbols.  Illus¬ 
trations  of  the  electrical  symbols 
will  also  be  found  in  ASA  publica¬ 
tion  Z32.ll,  approved  April  18, 
1944;  the  tube  symbols  are  from 
ASA  Z32.10,  approved  April  11, 
1944 — K.H. 
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Milwaukee’s  Radio  City 


F-M  and  A-M  programs  of  Milwaukee  Journal  radio  stations  now  originate  in  a  modem 
combination  studio  and  office  building  having  provisions  also  for  television  programs. 
Architectural  and  technical  features  are  described  here*  to  guide  post-war  planners 
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First  floor  plan  of  offices  and  studios  at  the  Milwaukee  Journal  Radio  Cit^.  In 
9eneral,  offices  for  executives  and  announcers  are  near  entrance,  musical  activities 
are  at  the  left,  sales  offices  at  the  right,  and  studios  and  operating  equipment  at 
the  rear  of  the  large  auditorium-studio 


WITH  a  distinct  eye  for  future 
developments,  executives  and 
engrineers  of  the  Milwaukee  Journal 
have  designed  and  constructed  new 
studio  and  transmitter  facilities  in¬ 
tended  to  provide  a-m,  f-m  and  tele¬ 
vision  broadcasting  service  for  resi¬ 
dents  of  Milwaukee  and  the  nearby 
industrial  and  rural  sections  of 
Wisconsin  and  and  Northern  Il¬ 
linois. 

Studio  offices  and  program  facili- 
ities  for  all  three  types  of  stations 
are  centered  in  the  recently  con¬ 
structed  studios  and  offices  of  Mil¬ 
waukee’s  Radio  City  in  the  north¬ 
east  section  of  the  city,  well  away 
from  the  noisier  industrial  section 
of  the  city.  These  studios  now  feed 
two  transmitters — the  5-kw  broad¬ 
cast  transmitter  of  WTMJ,  located 
12  miles  west  of  Milwaukee  near 
Brookfield,  Wisconsin,  and  the  50- 
kw  frequency-modulated  transmit¬ 
ter  of  station  WMFM  located  about 
20  miles  northwest  of  Milwaukee 
at  Richfield.  A  tower  and  television 
transmitter  building  have  been 
erected  at  Radio  City  and  will  be 
used  for  the  transmission  of  tele¬ 
vision  programs  as  soon  as  equip¬ 
ment  can  be  obtained. 

Milwaakee't  Radio  Narve  Cantar 

A  two-story  T-shaped  building  at 
Radio  City  houses  the  studios,  exec¬ 
utive,  sales  and  announcer’s  offices, 
auditorium  and  control  rooms  of 
the  system.  The  auditorium  seats 
400  people  and  contains  an  organ 
specially  designed  for  f-m  broad¬ 
casting.  The  36  by  32-foot  stage  is 
large  enough  for  dramatic  produc¬ 
tions. 

A  storeroom  with  individual  cab- 
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ElECTI 


A  g«n»ral  Ti*w  oi  Radio  City  in  Iho  lub- 
urbon  area  oi  Milwaukeo.  In  tho  back¬ 
ground  is  tho  teloTision  antonno  lower 


inets  is  provided  for  musical  in¬ 
struments.  Temperature  and  hu¬ 
midity  are  held  constant  here  to 
eliminate  the  detuning  and  strains 
which  occur  with  atmospheric  vari¬ 
ations. 

More  than  one  hundred  thousand 
musical  selections  in  the  form  of 
sheet  music,  records  and  transcrip¬ 
tions  are  housed  in  modern  metal 
cabinets  in  the  music  library. 

A  luxuriously  furnished  observa¬ 
tion  lounge  on  the  second  floor  has 
a  window  facing  the  auditorium, 
and  is  equipped  with  complete  audio 
facilities  for  listening  to  programs 
on  the  air,  for  use  as  a  studio  or  for 
conducting  auditions. 


Studios  and  Coutrol  Rooms 


Separate  control  rooms  are  used 
for  the  auditorium  and  for  each  of 
the  two  larger  studios.  Two  sub¬ 
master  control  rooms  have  observa¬ 
tion  windows  opening  into  both  the 
large  and  small  studios  and  may  be 
used  for  programs  originating  in 
either  studio.  Each  submaster  con¬ 
trol  room  is  set  up  to  handle  a 
third  small  studio  later  when 
needed;  the  shop  on  the  first  floor 
can  be  made  into  one  small  studio 
and  the  mail  room  can  be  converted 
into  another. 

For  each  of  the  larger  studios, 
observation  rooms  for  sponsors  are 
provided  on  the  second  floor.  Casual 
visitors  to  the  control  rooms  are 
discouraged  by  placing  the  win- 
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Sucond  floor  plan  of  Radio  City.  Studios  and  obserTOtion  rooms  occupy  most  oi 
this  space.  All  telorision  operating  facilities  are  located  on  the  second  floor 
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can  be  increased  to  any  desired 
depth.  Provision  has  already  been 
made  for  a  television  control  room 
and  for  housing  projection  and  re¬ 
wind  equipment,  reels  of  film  and 
test  equipment  on  the  second  floor 
of  Radio  City. 

Equipment  for  the  television  sta¬ 
tion  will  be  housed  in  a  separate 
building  at  the  right  of  the  main 
studios  of  Radio  City. 

Although  all  controls  terminate 
at  and  are  accessible  from  the  6- 
channel  master  control  room,  an 
operator  is  rarely  in  attendance  be¬ 
cause  the  master  control  panels  can 
be  set  up  for  operation  at  some  re¬ 
mote  control  point,  usually  a  sub¬ 
master  control  room. 

Stadia  A-F  iqaipaiaat 

All  control  room  equipment  em¬ 
ploys  chassis  or  panel  type  of  con¬ 
struction  especially  designed  to  fa¬ 
cilitate  maintenance  and  repair.  All 
audio  amplifiers  have  practically  flat 
response  out  to  15,000  cycles  and 
are  therefore  suitable  for  either 
a-m  or  f-m  broadcasting.  Pre-am¬ 
plifiers  and  low-power  audio  ampli¬ 
fiers  are  operated  in  parallel  so  that 
the  failure  of  one  will  not  interrupt 
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dows  at  such  a  height  as  to  be  un¬ 
comfortable  for  those  who  stand 
while  giving  an  unobstructed  view 
to  the  operator  seated  at  the  con¬ 
trol  desk. 

Walls  and  ceilings  of  all  studios 
are  acoustically  treated.  The  moni¬ 
tor  speakers  in  the  various  studios 
are  embedded  in  the  ceiling  behind 
acoustic  material.  All  observation 
windows  have  three  panes  of  glass, 
each  set  at  a  different  angle  and 
each  having  a  different  thickness  to 
prevent  excessive  resonant  effects. 

TelovisioB  Studio  Planned  for 
Expansion 

One  end  of  the  television  studio  is 
provided  with  a  railing  for  adjust¬ 
ing  lights  and  accessory  equipment. 
The  rear  wall  of  the  studio  is  of 
brick  construction  without  steel  re¬ 
inforcement.  By  knocking  out  this 
wall,  the  size  of  the  television  studio 
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First  floor  plan  of  the  tele- 
Tision  transmitter  building, 
located  near  the  main 
building  at  Radio  City 
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service.  The  pre-amplifiers  and  the 
dual  channels  of  line  amplifiers  are 
housed  in  the  side  sections  of  each 
control  desk.  Two  wire  lines,  equal¬ 
ized  to  8,000  cps,  are  available  for 
connecting  the  WTMJ  a-m  trans¬ 
mitter  to  Radio  City.  The  two  wire 
lines  to  the  f-m  station,  WMFM, 
are  equalized  to  15,000  cps. 

Play-back  equipment  *for  both 
lateral  and  hill-and-dale  recording 
systems  is  available  in  each  of  the 
control  rooms.  So  far  as  possible, 
all  switching  is  accomplished  by 
panel  switches.  For  normal  opera¬ 
tion,  patch  cords  are  almost  com¬ 
pletely  eliminated  although  they  are 
available  for  unysual  circuit  ar¬ 
rangements  or  for  emergency  oper¬ 
ation. 

Hcptisg  oad  Wirlag 

Heating  and  ventilating  equip¬ 
ment  to  maintain  the  studios  at 
comfortable  temperature  and  hu¬ 
midity  conditions  throughout  the 
entire  year  is  located  in  a  separate 
building  that  will  also  house  the 
television  transmitter.  An  under¬ 
ground  service  tunnel  carries  heat, 

;  hot  water,  and  refrigeration  to  the 
:  Radio  City  building  about  300  feet 
'  away.  Large  fans  keep  the  air  in 
the  studios  and  offices  cool  and 
fresh. 

About  5  feet  of  head  room  under 
the  first  floor  of  Radio  City  provides 
for  any  necessary  changes  which 
may  be  desired  in  plumbing,  wire 
fixtures,  pow’er  conduits,  etc;  Since 
a  considerable  amount  of  power  is 
expected  to  be  used  for  illumination 
in  television  productions,  provision 
has  been  made  to  take  as  much  as 
150  kw  from  the  local  generating 
supply  system.  Power  and  telephone 
cables  are  brought  into  the  studio 
underground  to  minimize  electrical 
noise  and  interference  in  the  com¬ 
munication  circuits.  Power  enters 
Radio  City  from  two  directions, 
each  feeder  coming  from  a  separate 
sub-station  providing  up  to  150 
kva  at  220  v  on  a  3-wire  system. 
Incandescent  lighting  is  used  in  the 
studios  and  most  of  the  offices  but 
fluorescent  lighting  is  employed  in 
all  of  the  corridors. 

Transmitters 

The  5-kw  amplitude-modulated 
transmitter  of  WTMJ  is  located  at 
Brookfield,  Wisconsin,  and  operates 
on  an  assigned  carrier  frequency  of 


Master  control  room  from  which  circuits  may  be  set  up  in  adTonce  at  Radio  Qty 


620  kc.  A  50-kw  frequency-modu¬ 
lated  transmitter,  WMFM,  is  oper¬ 
ated  at  Richfield,  Wisconsin,  about 
23  miles  northwest  of  Milwaukee, 
on  a  carrier  frequency  of  45.5  Me. 
It  was  placed  in  operation  early  in 
1939  with  the  original  call  letters 
W9XAO,  later  W55M.  It  is  the  first 
f-m  station  to  be  placed  in  opera¬ 
tion  west  of  the  Allegheny  Moun¬ 
tains  and  has  an  estimated  audi¬ 
ence  of  approximately  21,000  fam¬ 
ilies.  Short-wave  truck  licenses  for 
five  short-wave  transmitters  used 
in  trucks  or  relay  pickups  cover  the 
following  stations:  WEIN,  a  50- 
watt  station  operating  at  37,620  kc ; 
WEIP,  a  portable  1-watt  station  op¬ 
erating  on  39,820  kc;  WEIO,  a  7i- 


watt  station  operating  on  35,020 
kc;  WJER,  a  30-watt  station  oper¬ 
ating  on  2,758  kc;  WAHB,  operat¬ 
ing  on  2,830  kc  w  ith  a  power  of  50 
watts. 

In  1942  an  order  was  placed  for 
a  television  transmitter,  but  this 
unit  was  assigned  to  other  services 
when  the  United  States  entered  the 
war.  However,  channel  No.  3,  from 
66  to  72  Me,  has  been  assigned  to 
provide  commercial  television  pro¬ 
grams.  The  antenna  tower,  trans¬ 
mitter  house,  and  studios  are  al¬ 
ready  constructed.  Present  plans 
call  for  the  installation  of  a  trans¬ 
mitter  having  a  power  of  1  kw  on 
the  sound  channel  and  4  kw  on  the 
video  channel  as  soon  as  this  equip- 


Tb*  mtuic  library  occupin  a  large  portion  of  the  first  floor 
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E  -  5-  Kw  amplifier  K  “  Power  +ransfbrmer 

F“  High-voltage  reef. 

First  floor  plan  of  the  i-m  transm'.tter  building  at  Richlield,  about  12  miles  from 
Radio  City.  All  operating  units  con  be  seen  from  the  control  desk 


strong,  is  one  of  five  similar  units 
now  in  commercial  service.  The 
phase  modulator  uses  receiving 
tubes  entirely,  has  an  output  of  10 
watts,  and  establishes  the  carrier 
frequency,  produces  small  phase 
modulation,  and  has  frequency  and 
phase  shift  multipliers  to  produce 
a  signal  of  the  required  character 
at  the  assigned  channel  frequency. 

The  10-watt  phase  modulator 
feeds  a  pair  of  pentodes  in  a  push- 
pull  amplifier  to  provide  an  output 
of  i  kw.  The  power  output  is  then 
increased  to  3  kw  in  a  neutralized 
push-pull  amplifier  using  1500T 
triodes.  The  final  stage,  employing 
water-cooled  tubeR,  delivers  36  kw 
to  the  antenna  with  an  input  of  60 
kw.  The  room  in  which  the  final 
amplifier  is  housed  is  completely 
shielded  with  solid  copper.  A  large 
screened  window  enables  this  equip¬ 
ment  to  be  watched  at  all  times 
from  the  operating  desk. 

In  general,  the  transmitter  repre¬ 
sents  the  most  modern  design  with 
meters  slightly  above  eye  level  and 
operating  controls  inclosed  in  a 
steel  cabinet.  The  class  C  r-f  ampli¬ 
fiers  and  mercury-vapor  rectifiers 
are  behind  metal  panels,  with  suf- 


ment  can  be  made  available.  It  is 
estimated  that  the  cost  of  the  trans¬ 
mitter  will  be  about  $90,000. 

50-KW  F-M  Tronsinifter 

High-fidelity  f-m  station  WMFM 
is  located  on  a  hill  500  feet  above 
the  elevation  of  Richfield  and  pro¬ 
vides  effective  coverage  of  Mil¬ 
waukee  and  its  vicinity.  A  compact 
two-story  building  houses  the  r-f 
system,  power  transformers  and 
rectifiers,  water-cooling  radiators 
and  pumps,  heating  and  ventilating 
equipment,  and  shop  facilities.  Per¬ 
manent  living  quarters  for  a  care¬ 
taker  and  temporary  quarters  for 
operators  who  may  remain  over¬ 
night  are  also  provided.  A  balanced 
concentric  transmission  line  deliv¬ 
ers  power  from  the  final  amplifier 
to  a  tuning  house  located  at  the 
base  of  the  antenna  tower.  The 
antenna  is  a  two-bay  turnstile  the 
center  of  which  is  219  feet  above 
the  ground. 

The  type  558DL  phase  modulator, 
manufactured  by  Radio  Engineer¬ 
ing  Laboratories  and  representing 
the  latest  system  of  phase  modula¬ 
tion  designed  by  Major  E.  H.  Arm- 


Basement  floor  plan  of  the  f-m  transmitter  at  Richfield.  A  work  shop,  boiler  room, 
and  tube  storage  racks  are  prorided.  Coaling  equipment  for  the  water-cooled  tubes 
and  motor  generators  are  also  housed  in  the  basement 
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iicient  room  for  personnel  to  get  in 
back  of  the  equipment  for  necessary 
servicing,  maintenance  and  repairs. 
The  10-watt  phase  modulator  is 
completely  inclosed  in  steel  cabi¬ 
nets,  with  the  equipment  in  two 
vertical  racks.  The  construction  is 
such  that  the  rear  rack  can  be 
swung  out  of  the  way  for  main¬ 
tenance  and  cleaning,  making  the 
first  rack  accessible  for  similar  op¬ 
erations.  With  this  type  of  con¬ 
struction,  service  and  maintenance 
is  reduced  to  a  minimum,  although 
in  general  f-m  transmitters  are 
much  less  subject  to  interruption 
than  a-m  transmitters  when  both 
are  properly  operated. 

The  operation  of  all  important 
circuits  is  checked  with  meters,  and 
the  operating  temperatures  of  var¬ 
ious  portions  of  the  transmitter, 
particularly  in  the  final  amplifier, 
at  various  points  on  the  transmis¬ 
sion  line  and  in  the  room  housing 
the  final  amplifier,  are  made  every 
hour  or  two. 

5-KW  A-M  Transmitter 

The  two  5-kw  Western  Electric 
a-m  broadcast  transmitters  at 
Brookfield  are  housed  in  a  single¬ 
story  structure,  along  with  recti¬ 
fiers  and  filters  for  plate  supply, 
filament  generators,  furnished 


The  Armstiong  phase  modulator  oi  REL 
construction  used  at  the  WmFM  transmitter 
in  Richfield.  Spun  gloss  filters  corer  the 

air  intake  and  discharge  openings 

rooms  for  the  resident  operator, 
temporary  living  quarters,  repair 
room,  store  room,  and  shop.  Both 
transmitters  are  of  standard  broad¬ 
cast  design.  The  unit  now  in  use 
is  a  Western  Electric  type  355-E-l. 

A  phase-switching  unit  manu¬ 
factured  by  the  E.  F.  Johnson  Co. 
makes  possible  a  change  in  the 
radiation  pattern  from  daytime  op¬ 
eration  to  night-time  operation  by 
merely  pushing  a  button.  The  oper¬ 
ation  of  the  phase-changing  net¬ 
work  is  sufficiently  rapid  that  the 
transmitter  can  be  changed  from 
one  radiation  pattern  to  another 
between  station  announcements.  A 
type  D94992  Western  Electric  5-kw 
transmitter  serves  as  an  auxiliary 
and  standby  unit. 

With  the  recent  and  growing  in¬ 
terest  in  f-m  broadcasting  and  the 
uncertainty  as  to  the  status  of  tele¬ 
vision  at  the  end  of  the  war,  Mil¬ 
waukee’s  Radio  City  has  become  a 
focal  point  of  interest  for  those 
with  post-war  plans.  Almost  daily, 
visitors  from  various  parts  of  the 
country  arrive  to  inspect  this  three- 
service  station. 


Temperature  and  humidity-controlled  storage  room  at  Radio  Final  f-m  amplifier  of  WMFM  in  Richfield.  Plates  are  water- 

City  for  musical  instruments.  Cabinets  of  yarious  sises  house  cooled,  and  lets  oi  cool  air  are  forced  around  grid  and  filament 


all  types  oi  orchestral  instruments 


leads.  Shafts  in  foreground  are  for  tuning  and  neutralisinc 
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Audio-Frequency  Standard 


Simple  unit  generating  1,582  cps  facilitates  adjustment  of  carrier-current  communication 
system  signal-oscillator  circuits.  Tuning  fork  maintains  frequency  with  sufficient  accu¬ 
racy  to  permit  aural  detection  of  J-cps  signal  circuit  drift 


X 

IN  THE  MAINTENANCE  of  power- 
line  carrier-telephone  equipment 
of  the  single-side-band  type,  numer¬ 
ous  tuned  circuits  at  each  terminal 
have  to  be  periodically  checked  to 
determine  if  any  frequency .  drift 
has  taken  place.  .The  circdilS  ^deter¬ 
mining  the  frequency  qf  audio  sig¬ 
nal  oscillators  ^re  frequently  the 
most  criti^,<>  frequency  of 

the  signal -oscillators  used  on  the 
power  line  in  question  is  1582  cps. 

For  the  first  few  years  after  the 
power-line  carrier  system  in  ques¬ 
tion  had  been  installed,  the  1582- 
cps  signal  oscillators  were  checked 
periodically  by  comparing  them 
against  a  high-grade  laboratory 
audio  oscillator.  This  oscillator, 
however,  was  not  satisfactory  for 
the  particular  type  of  work  in¬ 
volved.  It  was  so  heavy  that  it 
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took  two  men  to  carry  it  in  and  out 
of  a  car  when  going  on  a  trip. 
Also,  the  rough  .patrol  roads  over 
which  it  was  necessary  to  travel  to 
reach  some  of  the  power-line  car¬ 
rier  way  stations  caused  frequent 
breakdowns.  The  frequency  stand¬ 
ard  described  below  was  designed 
and  built  to  overcome  these  difficul¬ 
ties. 

Taniiig-Fork  Control 

The  unit  is  a  self-contained,  bat¬ 
tery-operated  audio  oscillator  with 
one  stage  of  audio  amplification.  As 
may  be  seen  from  the  diagram,  the 


frequency  of  oscillation  is  controlled 
by  a  tuning  fork  which  acts  as  a 
mechanical  link  through  which  en¬ 
ergy  is  fed  back  from  the  oscillator 
plate  to  the  grid. 

The  plate  load  of  the  1D8GT 
tube  consists  of  a  coil  wound  on  a 
U-shaped  laminated  core.  The  ends 
of  the  U-core  are  placed  in  close 
proximity  to  one  tine  of  the  steel 
tuning  fork.  The  other  tine  of  the 
fork  is  similarly  placed  with  re¬ 
spect  to  the  ends  of  another  U- 
shaped  core  made  of  hardened  steel 
which  has  been  magnetized.  The 
coil  wound  around  this  magnetized- 
steel  core  furnishes  the  excitation 
potential  for  the  oscillator  grid. 

When  the  switch  is  first  turned 
on,  a  pulse  of  plate  current  flowing 
through  the  oscillator  plate  load 
coil  magnetizes  the  associated 


Circuit  diagram  of  the  oscillator-amplifier.  Coupling  between  the  plote  and  grid  of 
the  1D8GT  oscillator  is  dependent  upon  mechanical  movement  of  the  tuning-fork  tines 
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plate  circuit  core  and  produces  a 
minute  deflection  of  the  tuning 
fork  tine  near  it.  This  move¬ 
ment  is  mechanically  transmitted 
through  the  tuning  fork  and  causes 
a  corresponding  deflection  of  the 
other  tine.  The  movement  of  the 
second  tine  changes  the  air  gap  of 
the  grid-coil  magnet  and  induces  a 
voltage  in  the  grid  coil.  By  proper 
phasing  of  the  grid  coil  the  condi¬ 
tions  for  self-sustained  oscillation 
are  fulfilled. 

The  coupling  between  plate  and 
grid  of  the  tube  is  through  the 
mechanical  movement  of  the  tun¬ 
ing-fork  tines  and  not  through  any 
direct  magnetic  coupling  between 
plate  and  grid  coils.  This  may  be 
proven  by  holding  a  finger  against 
the  tuning  fork  while  the  tube  is  in 
oscillation.  Stopping  the  mechani¬ 
cal  vibration  of  the  fork  causes  the 
tube  to  cease  oscillation. 

Amplifier  and  Beat  Indicators 

In  order  to  minimize  the  effects 
of  changes  in  loading  on  the  fre¬ 
quency  of  the  oscillator,  the  output 
of  the  1D8GT  tube  is  fed  into  an 
audio  amplifier,  operating  into  an 
output  transformer.  Output  of  the 
unit  may  be  varied  by  means  of  a 
volume  control  placed  in  the  grid 
circuit  of  the  3Q5GT  amplifier  tube. 

The  output  transformer  has  four- 
ohm  and  500-ohm  output  windings. 
The  four-ohm  winding  is  used  to 
energize  a  two-inch  permanent- 
magnet  speaker  for  aural  compari¬ 


son  of  the  frequency  of  the  signal 
oscillator  being  tested  with  that  of 
the  standard.  By  listening  for  the 
beats  when  the  two  frequencies  are 
close  together,  a  difference  of  i  cps 
may  easily  be  detected.  A  recti¬ 
fier-type  a-c  voltmeter  is  also  fur¬ 
nished  to  allow  visual  comparison 
of  the  test  and  standard  fre¬ 
quencies. 

As  may  be  seen  from  the  circuit, 
the  frequency  being  tested  may  be 
fed  through  a  double  patch  cord  to 
the  500-ohm  winding  of  the  out¬ 
put  transformer.  The  voltage  ap¬ 
pearing  across  the  four-ohm  wind¬ 
ing  of  the  output  transformer  will 
then  be  the  vector  sum  of  the  volt¬ 
ages  induced  in  the  winding  by  the 
standard  and  test  frequencies.  If 
the  two  frequencies  are  not  exactly 
alike  there  will  be  a  relative  shift 
in  phase  relation  of  the  two  volt¬ 
ages.  When  the  two  voltages  are  in 
phase,  the  meter  across  the  out¬ 
put  winding  will  indicate  the  sum 
of  the  two  voltages,  while  when  the 
voltages  have  shifted  to  180  deg 
out  of  phase  the  meter  will  indi¬ 
cate  the  difference  between  the  two 
voltages.  By  adjusting  the  two 
voltages  to  the  same  scalar  magni¬ 
tude,  the  meter  fluctuations  will  be¬ 
come  maximum,  going  from  0  to 
twice  the  voltage. 

By  the  use  of  the  visual  method 
in  comparing  frequencies  a  differ¬ 
ence  of  one  cycle  in  30  seconds  be¬ 
tween  standard  and  test  frequen¬ 
cies  may  be  detected. 


The  oscillator  frequency  has  been 
found  to  be  little  affected  by  the 
condition  of  tubes  or  batteries 
since  the  frequency  of  oscillation 
is  determined  by  the  natural  period 
of  the  tuning  fork.  Some  change 
of  tuning-fork  frequency  with  tem¬ 
perature  has  been  observed.  This, 
however,  is  small  when  the  instru¬ 
ment  is  used  under  normal  condi¬ 
tions  at  room  temperature. 

Power  Sapply  and  Performance 

The  tubes  require  little  power 
to  operate  and  standard  hearing- 
aid  batteries  are  used  for  power 
supply.  The  w'eight  of  the  entire 
unit,  including  carrying  case  and 
miscellaneous  leads,  is  approxi¬ 
mately  15  pounds. 

The  portable  standard  oscillator 
has  been  in  use  for  over  two  years 
and  has  been  extremely  satisfac¬ 
tory.  Other  uses  beside  the  one  for 
which  it  was  designed  have  been 
found.  On  frequent  occasions  it  has 
been  used  as  a  signal  generator 
when  measuring  telephone-circuit 
attenuation. 

The  oscillator  is  also  being  used 
to  tune  special  automobile-radio 
receivers  which  are  used  by  power¬ 
line  patrolmen  working  near  the 
line.  These  receivers  pick  up  the 
power-line  carrier  signal  which  is 
radiated  by  the  transmission  line. 
By  talking  over  the  power-line  the 
dispatcher  may  issue  orders  to 
patrolmen  provided  they  are  within 
a  mile  of  the  line. 
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Surface  Hardening  of 


Plain  and  alloy  steels  processed  by  induction  at  radio  frequencies  above  10  kc  exbibit 
superior  wear  and  fatigue  characteristics.  Elimination  of  external  quenching  speeds 
heat  treatment,  permits  close  control  of  cooling  rate  and  assures  uniformity  of  product. 
Distortion,  scale  formation  and  decarburization  are  minimized 


FIG.  1 — ^Penetration  depth  ts.  frequency  for  steel  in  the  process  of  being  hardened. 
A  curre  for  copper  is  shown  for  reference 


Techniques  of  using  high- 
frequency  power  to  harden 
the  surfaces  of  plain  and  alloy 
steels  have  been  developed  to  the 
point  where  it  can  be  said  where 
their  utility  lies  and  what  the  re¬ 
quirements  of  power,  time,  fre¬ 
quency,  and  material  are.  External 
quenching  media  have  been  elimi¬ 
nated,  with  the  result  that  cooling 
rates  can  be  accurately  controlled 
and  reproduced,  thereby  insuring 
uniformity  of  product.  The  speed 
of  the  process  is  high  enough  to 
make  it  fit  into  modern  production 
methods  and  to  minimize  the  ill  ef¬ 
fects  of  any  heat  treatment  (dis¬ 
tortion,  scale  formation  and  decar¬ 
burization). 

Although  a  full  evaluation  of  the 
results  has  not  yet  been  made, 
microscopic  examination  of  the 
structure  produced,  micro-hardness 


tests  and  a  limited  number  of  wear 
and  fatigue  tests  indicate  that  sur¬ 
faces  hardened  in  the  manner  to 
be  described  may  be  expected  to 
have  superior  qualities,  while  cost¬ 


ing  less  than  surfaces  hardened  by 
more  tedious  and  complicated 
processes. 

Impertaiiee  of  H«at  Traatmant 

The  importance  of  proper  sur¬ 
face  treatment  of  load-bearing  ele¬ 
ments  is  being  more  fully  realized 
as  the  power  transmitted  through 
or  past  them  is  continually  being 
increased.  Changes  in  gas  and 
Diesel  engine  design  toward  higher 
compression  ratios  and  horsepower 
per  pound  make  increasingly  heavy 
demands  on  the  strength  and  abra¬ 
sion  resistance  qualities  of  such 
parts  as  crankshafts,  connecting 
rods,  cylinder  walls  and  wrist  pins. 
It  appears  to  be  impossible  to  ob¬ 
tain  all  the  desired  properties  in  a 
homogeneous  material;  tough,  re¬ 
silient  cores  are  needed  to  prevent 
breaking  and  hardened  surfaces  are 
needed  to  resist  abrasion  and  start¬ 
ing  of  fatigue  cracks. 

Such  a  composite  structure  can 
be  built  up  of  two  parts,  as  in  the 
lining  of  cylinder  walls  with  hard¬ 
ened  liners,  or  the  insertion  of 
valve  seats.  Or  it  can  be  produced 


FIG.  2 — Power  required  to 
produce  cases  of  Tarying 
depth,  for  self-quenching 
hardening.  This  curre  ap¬ 
plies  to  steel  requiring  a 
relatirely  low  quenching 
rate  for  full  hardening. 
Steels  of  lower  hardena- 
bility  require  more  and 
steels  of  high  hardenabil- 
ity  less  power  per  square 
inch 
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by  differential  treatment  of  the 
surface  layer  with  respect  to  the 
rest  of  the  piece.  Differentiation 
on  the  basis  of  temperature  has 
been  impossible  until  recently,  so  it 
has  been  the  practice  to  differenti¬ 
ate  on  the  basis  of  composition. 
This  has  been  done  by  nitriding  or 
carburizing  processes,  where  the 
addition  of  nitrogen  or  carbon  to 
the  surface  layer  (by  diffusion  in¬ 
ward  from  the  outside)  makes  that 
region  hardenable  by  quenching, 
whereas  the  rest  of  the  piece  is  un¬ 
affected.  However,  this  is  a  time-- 
consuming  process,  sometimes  re¬ 
quiring  as  much  as  96  hours  to  pro¬ 
duce  a  case  of  10  mils  thick.  On  the 
other  hand,  differentiation  on  a 
temperature  basis  actually  requires 
that  it  be  done  quickly,  i.e.,  in  frac¬ 
tional  second  times,  if  it  is  to  be 
done  at  all. 

Advaatages  of  ladHction  Method 

Heating  by  electromagnetic  in¬ 
duction  meets  the  first  necessary 
requirement  of  fractional-second 
heating  by  making  it  possible  to 
deliver  large  amounts  of  power  in 
concentrated  form  to  the  surface  to 
be  heated.  Without  this  ability, 
heat  would  flow  out  of  the  surface 
layer  nearly  as  rapidly  as  it  en¬ 
tered.  The  rise  of  surface  tempera¬ 
ture  would  be  slow  and  the  gradi¬ 
ents  established  would  be  low. 
There  would  be  little  or  no  differen¬ 
tiation  on  a  temperature  basis.  For 
some  time  it  has  been  the  practice 
to  harden  the  surfaces  of  various 
parts  by  induction  heating,  operat¬ 
ing  at  machine  frequencies  (up  to 
9600  cps).  Cylinder  liners  for 
Diesel  engines  and  track  pins  for 
tractors*  are  examples  of  the  suc¬ 
cessful  application  of  differential 
heating  for  surface  hardening.  The 


FIG.  3 — Photo  of  3-in.  diometor  otool  tubing  being  hooted.  Motion  of  tube 
fliroogh  coil  it  from  left  to  right  at  1  in.  per  second,  hence  length  of  in¬ 
candescent  tail  or  bond  indicotes  about  0.1  second  to  go  from  1500  deg  F  to 
approximately  1000  deg  F 


surface  concentration  of  power  may 
be  as  high  as  30  kw  per  sq  in. 

A  logical  next  step  after  estab¬ 
lishing  conditions  that  meet  the  re¬ 
quirement  for  sharply  delineating 
the  hardened  layer  is  to  increase 
the  concentration  of  power  to  the 
point  where  the  temperature  grad¬ 
ients  in  the  material  are  steep 
enough  to  cause  a  rapid  flow  of 
heat  from  the  surface  into  the 
metal  behind  it.  It  then  becomes 
possible  to  accomplish  the  whole 
hardening  operation  of  localized 
heating  and  quenching  in  a  single 
step.  The  process  is  thereby  simpli¬ 
fied  and  made  more  reliable  by  the 
elimination  of  the  separate  quench 
and  the  hardened  layer  is  more 
sharply  defined. 

A  process  that  depends  on  steep 
temperature  gradients  in  the 
heated  zone  necessarily  is  limited 
as  to  the  thickness  of  the  case  that 


can  be  produced.  The  outside  sur¬ 
face  should  not,  of  course,  be 
melted,  and  the  inner  edge  of  the 
layer  to  be  hardened  must  be  at 
some  temperature  above  the  Curie 
point.  The  temperature  distribution 
required  in  the  region  between  these 
two  layers  is  a  complicated  func¬ 
tion  of  power,  time,  frequency  apd 
the  temperature  it  is  necessary  to 
attain.  It  has  been  established, 
however,  that  cases  from  five  to 
fifty  mils  thick  can  be  produced  on 
steels  of  moderately  high  harden- 
ability,  and  thicker  ones  on  steels 
having  qualities  approaching  those 
of  air-hardening  alloys.  It  is  be¬ 
lieved  that  this  range  fills  an  im¬ 
portant  gap  between  the  relatively 
thin  cases  of  the  carburizing  and 
nitriding  processes,  and  the  thicker 
ones  obtained  with  low-frequency 
induction  heating. 

As  indicated,  the  factors  involved 
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values  of  magnetization  are  greatly 
exceeded. 

A  chart  presented  in  Fig.  i 
shows  the  penetration  depth  in 
steel  as  a  function  of  frequency  for 
room  temperature  and  for  tempera¬ 
tures  just  above  the  Curie  point 
Copper  is  also  shown  for  compari¬ 
son.  With  this  as  a  guide,  fre¬ 
quencies  can  be  chosen  that  will, 
first,  ensure  efficient  operation,  and 
secondly,  confine  the  heating  to  a 
zone  within  that  which  is  to  be 
hardened.  The  first  requirement 
is  met  by  using  a  frequency  that  is 
high  enough  so  that  the  penetra¬ 
tion  depth  is  less  than  about  a  third 
of  the  thickness  of  the  piece;  the 
incident  energy  is  then  nearly  com¬ 
pletely  attenuated,  i.e.,  absorbed, 
by  the  metal.  The  second  is  met  by 
use  of  a  frequency  high  enough  so 
that  most  of  the  power  is  absorbed 
well  within  the  thickness  of  the 
case  desired. 


on  rationalization  of  the  VJ.  Since 
we  are  interested  in  heating  ef¬ 
fects  only,  the  phase  shift  factor 
is  not  of  interest,  the  attenuation 
factor  telling  us  all  we  need  to 
know.  In  terms  of  the  properties 
of  the  material  it  becomes 

a  =»  V  w  M  <r/2.neper8  per  meter,  or  (2) 

a  =*  8.7  V.<o  M  <r/2  db  per  meter  (3) 
/i  and  a  being  in  mks  units  of 
permeability  and  conductivity  re¬ 
spectively.  The  depth  at  which  the 
fiux,  or  current,  is  attenuated  by  1 
neper  is  defined  as  the  penetration 
depth  and  is  equal  to 


a  =  i/ot  -  -v  z/wMff  (4) 

Since  we  usually  want  to  know 
the  depth  of  penetration  in  thous¬ 
andths  of  an  inch  and  use  cycles 
per  second  rather  than  radians  per 
"second,  and  since  the  handbook 
tables  list  the  permeabilities  of  ma¬ 
terials  relative  to  that  of  space  and 
the  conductivity  in  cgs  units,  a  com¬ 
posite  form  of  Eq.  (4)  will  be  given 
where 

Ml  =  relative  permeability 
<ri  =  conductivity  in  mbosVm,  and 
f  =  frequency  in  megacyles 
d  =  1.98  vr//7sr  <ri  mils  (5) 

The  values  of  ja,  and  <r,  that 
should  be  used  require  some  ex¬ 
amination  before  inserting  them  in 
the  formula.  ai  is  a  function  of 
tempera'ture,  decreasing  about  9 
times  as  the  temperature  rises 
from  room  to  hardening  tempera¬ 
ture.  The  relative  permeability  of 
steel  is  a  function  of  temperature, 
becoming  unity  above  the  Curie 
point  (about  1425  deg.  F.  for  plain 
carbon  steels).  It  is  also  dependent 
on  the  strength  of  the  magnetic 
field  in  which  the  steel  is  placed,  be¬ 
ing  effectively  unity  if  saturation 


WaH  Thickrwss  (Inches) 


FIG.  4 — Scanning  speed  required  for 
hardening  various  wail  thicknesses  by 
self-quenching,  down  to  Vi-in.  Numbers 
on  curve  refer  to  power  requirement  rela- 
ative  to  lowest 


Radio  Freqeeacy  Power  Reqairemesh 

Power  requirements,  as  indi¬ 
cated,  are  high.  For  SAE.  1095 
steel  (drill  rod)  the  power  required 
to  secure  cases  of  varying  thick¬ 
ness  by  the  self-quenching  method 
is  shown  in  Fig.  2.  The  power  re¬ 
ferred  to  on  the  chart  is  that  actu¬ 
ally  delivered  to  the  steel. 

These  data  were  obtained  on  11- 
in.  diameter  rods,  which  are  con¬ 
sidered  to  have  enough  metal  be¬ 
hind  the  heated  zone  to  yield  a 
maximum  quenching  rate  at  the  be¬ 
ginning  of  the  cooling  cycle.  That 
is,  further  increase  in  diameter 
does  not  affect  the  slope  of  this 
part  of  the  cooling  curve,  because 
there  has  been  time  for  no  increase 


enter  in  a  complicated  manner.  An 
experimental  approach  has  there¬ 
fore  been  used  almost  exclusively 
in  determining  the  operating  para¬ 
meters.  It  will  be  useful,  however, 
to  examine  the  effect  of  one  of  the 
parameters,  namely  frequency,  to 
determine  its  importance  from 
theoretical  considerations. 


Function  of  Frequency 

Frequency  enters  the  picture 
through  its  effect  on  the  depth 'to 
which  the  heating  energy  pene¬ 
trates.  The  depth  of  penetration  is 
determined  by  the  attenuation  suf¬ 
fered  by  alternating  magnetic  flux 
as  it  progresses  through  conduct¬ 
ing  materials.  This  attenuation  is 
di\^  to  the  shunting  action  of  the 
conducting  metal  in  conjunction 
with  the  inductive  reaction  of  the 
medium,  as  affected  by  the  permea¬ 
bility  of  the  metal.*’  *  For  flux 
fields  without  divergence,  this  at¬ 
tenuation  has  exactly  the  form  of 
the  attenuation  of  a  wave  progress¬ 
ing  down  a  transmission  line. 

The  complete  propagation  con¬ 
stant  of  a  line  consisting  of  L 
henries  per  unit  length  in  series 
and  G  mhos  conductance  per  unit 
length  in  shunt  is 

V  =  ju  L  G  =  Vw  L  G/2  -j- 


FIG.  5 — Appearance  of  hordneu-teeting  indents  at  100  times  magnification. 
These  micrographs  show  a  20-mil  layer  with  several  impressions  in  a  line  from 
the  core  to  the  edge.  The  micrograph  at  the  left  is  SAE.  1095  steel,  while 
the  one  at  the  right  is  SAE  4340  alloy  steeL  (Courtesy  Wilson  Mechanical 

Instrument  Co.) 


July  1944  — ELECTRONICS 


Uy 

1 

in 

for 

ra¬ 

nt 

.ri- 

re- 

ill, 

ind 
>  a 
be 
ent 
;  is 
ra- 
ird 
the 
«n- 
>ed, 
by 
so 
l)ed 


idi- 

095 

red 

[ck- 

hod 

re- 

rtu- 

H- 
jon- 
be- 
i  a 
be- 
Tiat 
eter 
this 
luse 
»ase 


i 


le 

nl 


>NICS 


in  the  temperature  at  the  center 
of  the  rod  during  the  short  heat¬ 
ing  cycle.  It  is  the  rate  of  cooling 
above  1000  deg  F  that  is  most  im¬ 
portant  to  the  hardening  process. 

On  a  rod  of  this  diameter  the 
surface  area  per  inch  length  is  tc  X 
li  =  3.9  sq  in.  For  power  outputs 
within  the  range  of  generating 
equipment  of  a  reasonable  size  (be¬ 
low  100  kv)  it  is  necessary  to  limit 
the  length  of  rod  treated  at  one 
time.  For  this  reason  it  becomes 
necessary  to  heat  a  piece  progres¬ 
sively,  with  only  a  narrow  band  be¬ 
ing  heated  at  any  one  time.  This 
“scanning”  method  can  only  be  ap¬ 
plied  lengthwise  of  pieces  of  regu¬ 
lar  section;  if  it  is  attempted  to 
scan  around  the  circumference,  or 
in  any  pattern  that  returns  the 
heating  coil  to  the  starting  point,  a 
softened  area  will  be  produced 
there. 

The  appearance  of  a  3-in.  diam¬ 
eter  tube  as  it  is  drawn  through  a 
single-turn  inductor  such  as  is 


FIG.  6 — H<xrdnets  trorerMi  taken  acrou  sconples  oi  hardened  1095  steel.  The 
sample  shown  by  curre  A  required  50  kw  per  square  inch  power  input,  that  of 
cunre  B,  30  kw  and  that  oi  curre  C,  15  kw  per  square  inch  of  area  treated  at 

one  time 


commonly  used  in  the  scanning 
process  is  shown  in  Fig.  3.  The  in¬ 
candescent  band  immediately  under 
the  inductor  tails  off  in  the  direc¬ 
tion  of  the  motion  of  the  tube  and 
indicates  roughly  how  long  an  in¬ 
terval  elapses  while  the  tempera¬ 
ture  of  the  surface  falls  to  “black 
heat”.  It  will  be  noted  that  the  coil 
is  of  small-diameter  tubing  (A-in. 
O.D.)  and  closely  spaced  from  the 
work  (A-in.).  These  conditions  are 
necessary  to  give  the  required  sur¬ 
face  concentration  of  power. 

It  is  often  desired  to  harden  the 
surface  of  a  hollow  cylindrical 
piece,  such  as  the  wall  of  an  en¬ 
gine  cylinder.  Here  the  thickness 
of  the  material  becomes  an  im¬ 
portant  factor  in  determining  the 
speed  with  which  the  heating  must 
be  accomplished.  This  is  shown  in 
terms  of  scanning  speed  in  Fig.  4, 
for  w’all  thicknesses  down  to  i-in. 
A  considerable  increase  will  be 
noted  for  the  smaller  thicknesses, 
{Continued  on  page  188) 


THOUSANDTHS  OF  AN  INCH  "AT  KX)  DIAMETERS 


FIG.  7 — Structure  of  core,  transition  zone, 
and  hardened  layer  of  1095  steel  after 
treatment  lasting  0.1  second  at  500  kc.  Top 
section  shows  thickness  dimensions  of 
these  regions  while  bottom  views  show  the 
micro  structure  in  eoch  of  the  three  zones, 
at  15C0  times  magnification 
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deflection  amplifier  haring  a  roltage  etructed  at  the  Dorid  W.  Taylor  Model  of  component  parts  and  tubes  in  rock- 

amplification  of  5000  Basin  and-panel  iiutrument 


A  Stable  Direct-Coupled 


The  design  of  high-gain,  wide- 
frequency  -  range  direct  -  cou¬ 
pled  amplifiers  always  has  been 
hindered  by  a  number  of  factors 
which  are  difiicult  to  control.  The 
term  “direct-coupled”  as  used  in 
this  paper  embodies  any  type  of 
interstage  coupling  system  for 
vacuum-tube  amplifiers  which  per¬ 
mits  response  of  the  system  to  sig¬ 
nal  potentials  of  zero  frequency.  It 
is  not  restricted  to  the  case  of  zero- 
resistance  connection  between  the 
output  terminal  of  one  vacuum-tube 
stage  and  the  input  terminal  of  a 
following  stage. 

The  problem  of  maintenance  of 
proper  electrode  potentials  in  di¬ 
rect-coupled  amplifiers  usually  has 
occasioned  the  necessity  for  hav¬ 
ing  either  the  output  or  the  input 
terminals  average  the  signal  com¬ 
ponent  of  their  output  about  some 
potential  other  than  that  of  ground. 
The  use  of  transformers  or  capaci¬ 
tors  as  interstage  coupling  elements 
destroys  the  feature  of  response  to 
signals  of  zero  frequency. 

Direct-coupled  amplifiers  of  high 
gain  often  are  troubled  with  uncon¬ 
trollable  drifts  in  output  potential. 


By  G.  ROBT.  MEZGER 

Formerly  at  David  Taylor  Model 
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The  term  “drift”  is  used  here  to 
indicate  any  change,  usually  un¬ 
controllable,  which  will  cause  an 
undesired  variation  of  either  the 
a-c  or  the  d-c  component  of  the 
output  of  an  amplifier.  It  is  used 
in  contradistinction  to  the  term 
“noise”  which  is  reserved  for  refer¬ 
ence  to  short-time  disturbances. 

Drifts  in  direct-coupled  ampli¬ 
fiers  have  been  known  to  achieve 
such  magnitude  that  attempts  to 
correct  them  have  carried  the  tubes 
in  the  latter  stages  of  the  amplifier 


FIG.  1 — Hypothetical  circuit  for  direct 
coupling  between  two  tubes 


beyond  their  operating  range.  Cir¬ 
cuit  arrangements  which  have  been 
used  to  maintain  proper  electrode 
potentials  usually  involve  the  place¬ 
ment  of  power  supplies  or  batteries 
in  such  a  manner  that  they  are  re¬ 
quired  to  carry  signal  potentials. 
As  a  result,  these  large  masses, 
with  their  high  stray  capacitance  to 
ground,  shunt  the  high-frequency 
components  of  the  signal  and  des¬ 
troy  the  high-frequency  perform¬ 
ance  of  the  amplifier. 

SolHtioRS  for  th«  Problem 

A  circuit  which  has  been  widely 
used  of  late  for  direct  interstage 
coupling  is  shown  in  Fig.  1.  In 
this  circuit,  a  voltage  divider  is 


FIG.  2 — Basic  circuit  in  which  a  tube, 
,  Tg,  stabilises  the  amplifier 


106 


Ju/y  — ELECTRONICS 


FIG.  3 — Complvt*  basic  drcuit  for  tbs 
stabillssd  ompliiisr.  Rssistors  fir,  fi'r, 
fit  ond  fi't  or#  combinsd  into  a  singlo 
rosistor:  tbs  sams  is  tnis  of  B,  ond  R', 


An  aperiodic  coupling  element  per¬ 
mits  response  to  zero  frequency 
and  to  high  frequencies  limited 
only  hy  conventional  limitations  in 
RC  coupling.  Useful  in  CR-tube  de¬ 
flection  ;  has  a  voltage  gain  of  5000 


AMPLIFIER 


placed  between  the  plate  of  the  first 
stage  and  a  potential  source  which 
is  highly  negative  with  respect  to 
the  grid  of  the  second  stage.  The 
two  resistors  in  the  divider,  and 
R,,  are  so  chosen  that  the  potential 
of  point  a  is  exactly  the  operating 
potential  desired  for  the  grid  of 
Attenuation  of  the  signal  orig¬ 
inating  at  the  plate  of  T,  will  ap¬ 
pear  at  the  grid  of  T,  because  of 
the  IR  drop  across  /?,. 

As  the  negative-potential  source 
at  which  is  terminated  is  made 
ore  negative,  must  be  in- 
reased  to  maintain  the  same  aver¬ 
age  potential  at  point  a.  The  at- 
enuation  therefore  becomes  less. 
If  the  plate  of  Ti  were  operating  at 
n  average  potential  of  +100  volts, 
trill  if  Rj  were  terminated  at  a 
iirce  which  was  negative  by  1000 
^Its  with  respect  to  ground,  only 
II  percent  attenuation  of  the  sig- 
!  would  occur. 

The  advantage  of  the  circuit  of 
Fig.  1  as  a  d-c  coupling  element  is 
pparent.  It  requires,  however,  a 
hi;  h-potential  source  of  low  cur- 
re;  t-capacity,  and  variations  in  po¬ 
rt  ial  of  the  source  will  be  evident 
in  high-gain  amplifiers. 


By  inspection  of  Fig.  1,  it  can  be 
seen  that  if  it  were  possible  to  con¬ 
trol  the  flow  of  current  through  J?, 
and  Rt  so  that  it  is  absolutely  con¬ 
stant,  i.e.,  so  that  there  would  be  no 
change  in  potential  drop  through 
Ri  regardless  of  signal-potential 
variations,  the  signal  originating 
at  the  plate  of  Ti  would  then  ap¬ 
pear  unattenuated  at  point  a.  This 
would  be  accomplished,  for  in¬ 
stance,  if  Rt  were  increased  to  in¬ 
finity,  as  is  implied  in  the  forego¬ 
ing,  so  that  the  current  flowing 
through  the  network  would  be  con¬ 
stant  at  all  times.  It  is  also  equiva¬ 
lent  to  saying  that  if  a  signal  were 
applied  at  point  a  which  was  equal 
in  both  magnitude  and  phase  to  the 
signal  at  the  plate  of  T,,  then  re¬ 
gardless  of  the  current  flowing 
through  iJ,  the  signal  potential  at 
point  a  would  be  the  desired  po¬ 
tential. 

A  Direct-Coupling  Circuit 

The  application  of  just  such  a 
signal  at  point  a  is  accomplished 
by  the  circuit  of  Fig.  2.  In  this 
circuit,  Tt  operates  as  the  infinite 
resistor  previously  described;  the 
IR  drop  through  R,,  which  is  pro¬ 


duced  by  the  flow  of  the  plate  cur¬ 
rent  of  Tt,  provides  the  proper 
average  potential  at  point  a  while 
introducing  no  signal  attenuation. 

In  Fig.  2,  the  main  elements  of 
the  coupling  device  betw’een  T,  and 
Tt  are  resistor  which  has  the 
same  function  as  does  R,  in  Fig.  1, 
and  triode  Tt  which,  with  its  cath-- 
ode-load  resistor,  replaces  R^t  Tt 
operates  to  maintain  the  potential 
of  point  a  exactly  equal  in  magni¬ 
tude  and  phase  to  the  potential 
which  originates  at  the  plate  of  Ti. 

Consider  the  coupling  element 
first  as  a  voltage  divider  made  up 
of  the  series  combination  of 

of  Tt,  and  R,.  Then,  neglecting 
any  effects  caused  in  T,  by  Rt,  the 
signal  at  point  a  would  be  the  plate 
signal  of  T,  reduced  by  the  factor 
(r,  +  Rt)  /  {Ri  +  r,  +  Rt)>  If, 
however,  the  plate  current  of  T» 
is  decreased  just  sufficiently,  with 
any  increase  in  e„  to  permit  Tt  to 
develop  across  a  signal  poten¬ 
tial  of  the  proper  magnitude  to 
compensate  exactly  for  the  attenu¬ 
ation  produced  by  this  voltage  di¬ 
vider,  the  desired  condition  for 
potential  at  point  a  will  have  been 
obtained.  In  this  manner,  Ri  will 
simulate  a  resistor  which  provides 
a  potential  drop  but  which  carries 
no  current.  This  is  accomplished 
by  maintaining  constant  the  plate 
current  of  Tt  regardless  of  changes 
in  Ct. 

Control  of  plate  current  of  T» 
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to  maintain  it  absolutely  constant 
is  effected  by  varying  the  cathode 
potential  of  the  tube  by  an  amount 
which  will  vary  r,  just  suflBciently 
,to  compensate  any  change  in  plate 
current  which  would  be  caused  by 
variations  in  e,.  Resistor  R,  is 
added,  therefore,  as  shown  in  Fig. 
2,  to  develop  the  control  xwtential 
necessary  across  the  cathode  of  7>. 
The  value  of  R,  is  so  chosen  that, 
when  operating  in  series  with 
as  a  voltage  divider  across  the  in¬ 
put  potential  the  voltage  drop 
across  R„  with  constant  plate  cur¬ 
rent  simultaneously  flowing  through 
Rt,  is  just  sufficient  to  alter  the 
parameters  of  7.  to  compensate 
any  change  in  plate  current  When 
this  condition  prevails,  the  signal 
potential  originating  at  7^  will 
cause  the  signal  component  of  the 
potential  at  point  a  to  equal  ex¬ 
actly,  in  both  magnitude  and  phase, 
the  output  signal  from  7r,  and 
t,  of  7,  will  be  absolutely  constant. 
The  average  potential  of  point  a, 
furthermore,  can  be  controlled  by 
design  to  be  exactly  the  desired  op¬ 
erating  potential  for  the  grid  of 
7^ 


Aaolytit  of  fb*  Circait 


This  circuit  may  be  analyzed 
rigdrously  as  follows :  From  the 
definition  of  /x,  constant  plate  cur¬ 
rent  requires  that  A  e,  =  —  A 
where  e,  =  e,  —  e,  and  e,  =  c«  —  €». 
Both  e,  and  e,  depend  upon  e*. 
Therefore,  introducing  e,  as  inde¬ 
pendent  variable  and  passing  to  in¬ 
finitesimals  in  place  of  the  finite 
variations,  the  condition  for  con¬ 
stant  t,  becomes 


(1) 


•  ^  1  dep 

dei  ft  dei 

The  two  partial  derivatives  oc¬ 
curring  in  Eq.  (1)  can  be  readily 


evaluated  by  applying  Kirchhoff’s 
laws  to  the  circuit  of  Fig.  2 : 

*1  ™  ipRi  +  +  tfRt  -|-  tii24 

•  Cl  —  ipRj 
•  ‘  +  54 


^  [fli  +  i24  “ 


bgy  ^  I  _  R*  ^  Rt 

doi  Ri  +  ^4  +  R* 

Similarly, 


(2) 


«* 


e»  ~  (»i  +  ip)  Ri 


«•  —  ipR*  — 


For  the  purpose  of  this  discussion, 
e«  can  be  assumed  constant.  In  the 
circuit  actually  used,  this  is  as¬ 
sured  by  the  adoption  of  a  push- 
pull  circuit.  Then 


det  Rt  -{•  Ri 


(3) 


Substituting  Eq.  (2)  and  (3)  into 
Eq.  (1),  the  condition  for  constant 
i,  becomes 


_  Ri  _ _ ^  R*  or a  — 

R,  +  Ri  ftRt  +  Ri’^^  ft 

The  value  of  Rt,  then,  is  equal  to 
ijRt,  where  /t  =  at  the  condi¬ 
tions  under  which  the  tube  is  op¬ 
erated.  The  value  of  R,  is  not  found 
to  be  critical  in  practice.  It  may 
vary  as  much  as  15  percent  with 
little  change  in  operation  of  the 
circuit.  Rt  may  be  determined  em¬ 
pirically  by  measuring  the  plate 
current  of  7,  while  varying  simul¬ 
taneously  the  plate-supply  for  7. 
at  the  common  junction  of  R,  and 
Ru 

The  proper  grid-bias  potential  for 
7,  is  taken  from  the  cathode-load 
resistor  of  7,  by  adjustment  of 
Rj  and  Rt.  The  circuit  between  the 
grid  of  7,  and  the  cathode  of  7t 
is  degenerative  and  operates  only 
to  maintain  a  constant  bias  poten¬ 
tial  on  the  grid  of  Tt,  so  that  a  rise 


FIG.  4 — Cascaded  direct-coupled  amplifier,  showing  roltages  with  respect  to 
ground.  For  reasons  stated  in  text,  this  circuit  proTed  impractical 


in  grid  potential  (rise  and  fall  of 
potential  are  given  here  with  re¬ 
spect  to  signal  ground  potential, 
which  is  at  a  level  of  -—400  volts 
with  respect  to  absolute  ground  in 
the  amplifier  described)  of  7.  in¬ 
creases  the  plate  current  of  7,. 

The  potential  of  i)oint  a  with  re¬ 
spect  to  ground  (signal)  is  thug 
reduced,  and  the  grid  potential  of 
7t  is  reduced  an  equal  amount, 
thereby  reducing  the  cathode  po¬ 
tential  of  7«  and  the  grid  potential 
of  Tt  by  an  amount  just  sufficient 
to  compensate  for  the  original  rise. 
It  is  this  self-stabilization  of  the 
coupling  element,  operating  to  com¬ 
pensate  stage  by  stage  for  unde¬ 
sired  variations  of  circuit  condi¬ 
tions,  which  permits  these  stages 
to  be  cascaded  without  danger  from 
long-time  drifts  rendering  the  am¬ 
plifier  unusable. 

An  inspection  of  Fig.  2  will  show 
that  the  compensating  action  de¬ 
scribed  will  occur  not  only  for  vari¬ 
ations  in  the  parameters  of  T,  and 
7«,  but  that  it  will  occur  also  for 
any  signal  which  appears  at  the 
plate  of  Tx.  This  circuit,  then,  while 
it  is  extremely  stable,  will  pass  no 
signal  and  will  not  function  as  an 
amplifier. 

EliminatioR  of  D*g*n«ratioii 

A  means  for  permitting  the  cir¬ 
cuit  to  be  self -compensating  but 
nevertheless  allowing  it  to  function 
as  an  amplifier  is  shown  in  Fig.  3. 
In  this  circuit,  an  amplifier,  identi¬ 
cal  in  every  respect  to  the  ampli¬ 
fier  of  Fig.  2,  has  been  added  to 
the  original  circuit  to  provide  a 
push-pull  circuit.  It  will  be  noted, 
however,  that,  by  use  of  the  paral¬ 
lel  connection  of  the  cathodes  of 
each  amplifier  tube  in  each  stage 
a  variation  in  cathode  potential  of 
one  tube  in  a  stage  will  cause  a 
change  in  i,  of  the  other  tube,  and 
a  signal  caused  by  such  a  chanp 
will  appear  in  balanced  form  ir 
the  output  circuit.  If  an  unba! 
anced  input  signal,  then,  is  applif^d 
to  the  input  of  the  amplifier  cf 
Fig.  3,  the  common  connections  o' 
the  cathodes  of  7,  and  7'i  and  1 
and  T\  will  cause  a  balanced  sip* 
potential  to  appear  at  the  outpn- 
terminals. 

The  circuit  in  this  form  is  sui! 
able  only  for  push-pull  output  pi 
tentials,  which  adapts  it  ideally  t" 
deflection  of  a  cathode-ray  tiibt 
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This  may  restrict  its  usefulness 
for  some  other  applications.  The 
input  signal  may  be  either  balanced 
or  unbalanced  with  respect  to 
ground  in  this  circuit. 

By  the  self-compensating  action 
described*  in  the  foregoing,  any 
variation  of  cathode  temperature, 
which  changes  r,  and  and  which 
has  been  a  main  cause  of  drift  and 
variation  of  amplification  in  direct- 
coupled  amplifiers,  has  been  virtu¬ 
ally  eliminated.  The  part  of  the 
circuit  of  Fig.  3,  therefore,  which 
1  consists  of  all  elements  following 
the  plate  terminals  of  Ti  and 
may  be  viewed  as  a  single  unit  for 
a  direct-coupled  amplifier  consist¬ 
ing  of  a  self-compensating  coupling 
element  and  an  amplifying  stage. 
The  coupling  element  has  the  ad¬ 
vantage  of  introducing  no  signal 
:  attenuation,  and  it  operates  to  cor¬ 
rect  continuously  for  any  of  the 
usual  circuit  variations  which 
!  cause  drift  in  the  output  signal. 

Stages  may  be  cascaded  to  pro¬ 
vide  increased  gain.  It  is  signifi- 
;  cant  that  the  self-compensating 
feature  of  the  coupling  element 
permits  stages  to  be  cascaded  with¬ 
out  the  effects  of  individual  stage 
'drifts  becoming  cumulative  due  to 
succeeding  amplification.  The  num- 
'ber  of  stages  which  can  be  cas¬ 
caded  is  limited  only  by  the  de- 
'mands  for  economical  power-sup¬ 
ply  design  and  by  the  noise  which 
is  introduced  by  the  first  stage, 
which  noise  is  not  eliminated  by 
the  circuit.  By  suitable  design  of 
the  circuit,  the  proper  value  of 
generally  may  be  provided  to  ob¬ 
tain  the  requisite  frequency  re¬ 
sponse,  gain,  and  average  output 
level  which  may  be  desired. 

In  practice  it  has  been  found 
that  J?!  is  relatively  high.  Accord¬ 
ingly,  the  stray  circuit-capacitance 
and  the  interelectrode  capacitances 
of  Tt  and  T,  operate  as  a  shunt  to 
ground  for  the  high-frequency 
components  of  the  signal  at  point  a. 
By  the  addition  of  (7,,  the  effect  of 
these  stray  capacitances  is  neutral¬ 
ized.  Limitations  on  high-fre¬ 
quency  response  of  the  stage,  then, 
become  the  same  as  those  govern¬ 
ing  the  operation  of  conventional 
resistance-capacitance-coupled  am¬ 
plifiers.  The  value  of  C,  must  be 
large  with  respect  to  the  sum  of 
stray  circuit-capacitances  and  the 
interelectrode  capacitances  of  Tt 
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[  FIG.  5 — Schsmatic  of  complete  stabiliied  direct-coupled  amplifier.  Parts  list 
j  is  given  in  the  accompanying  text 


PARTS  LIST  FOR  FIG.  5 


Ri,  Rit —  1  meg,  1  w 
At.  At  —  200,000.  1  w 
At  —  300.000* 

At  —  20.000.  1  w 
At  —  2  mex ,  1  w 
Ai.  At  — «.  1  w 

mt.  All  — 100,000* 

Alt  —  2  meg.  1  w 
Alt  —  20.000,  1  w 
Am  —  300.000* 

All  —  2.000,  10  w 

Alt— 1,000.  1  w 
Ait  —  50.  pot. 

Alt  —  1.000.  1  w 
Am  —  2,000.  10  w 
Rt)  —  250.  pot.t 
Am  —  25,000.  1  w 
Aa  —  200.000.  1  w* 
Ru  —  2  meg.  1  w 
Am  —  10.000.  10  w 
Am  —  100,000.  1  w 
Am  —  10.000.  10  w 
AtT  —  100.000,  1  w 
Am  —  2  meg,  1  w 
Ah  —  200.000* 

Am.  An  —  2.500, 10  w 
An  —  10,000.  10  w 
Am  —  100,000.  1  w 
Am  —  35.000.  1  w 
Am  —  10.000.  10  w 
Am  —  100.000.  1  w 


AtT  —  35,000,  1  w 
Am  —  1  meg,  1  w 
An  —  20,000,  pot. 

Am.  Am  —  100.000.  1  w 
Rm  —  5.000.  10  w 
Am— 75.000.  1  w 
Am  —  1  meg.  1  w 
Am  —  15,000,  pot 
Am  —  75.000. 1  w 
AtT.  Ati  —  100,000.  1  w 
At!  —  1  meg.  1  w 
Am  —  20,000,  pot. 

An  —  1  meg,  1  w 
Rm  —  75.000.  1  w 
Ah  —  15,000,  pot. 

Am  —  75,000,  1  w 
Am  —  150,  10  w 
Am.  Ait  —  300.  10  w 
Att,  An,  Am  ~-  100,000, 1  w 
An  —  1  meg,  1  w 
Aa  —  100,000,  pot. 

An  —  15,000,  10  w 
Am  —  1  meg,  1  w 
Am  — 250.000.  1  w 
Am  —  75,000,  pot. 

Ait  — ‘  75,000,  1  w 


Cl.  Ct.  Q,  Ct  —  0.1  iJ.  600  V 
Ct,  Ct,  Ct.  Cl  —  8  mT.  600  v,  eloc 
Ct,  Cn  —  2  lit,  1000  V,  oil 


Cu,  Cu,  Cii  —  4  lit,  600  V,  oil 
Cm.  Cit  —  8  pf,  600  y,  elec. 

Cit,  CiT,  Ci%  — 1.0  id,  600  V,  oil 

•Si  —  Two-gsnf  rotary,  each  gang 

SP,  eleyeo-position 

St  —  SP3T  rotary 

•St  —  T wo-ga^  rotary,  each  gang 

SP,  three-positioo 

St  —  DPST  toggto 

Li,  Lt  —  Power  Transformer,  180 

va,  400-0—400  y,  200  ma  d.  c., 

5  y-amp,  6.3  y  —  5.14  amp,  Thor- 

darson  T-1SR16. 

Lt  —  Power  transformer,  590-0- 
590  y,  200  ma  d.c.,  6.3  y-3  amp. 
Kenyon  T-247. 

Lt,  Lt,  Lt,  Li,  Lt,  Lt  —  Filter 
choke.  12  h  at  0  ma.  5  h  at  200 
ma,  d.c.,  80  ohms,  1600  y  insula¬ 
tion  test,  Tbordaraon  T-67G49. 
Pi  —  5  amp.  Type  3AG 
Pi,  Pt  —  Ten-terminal  Iluah  fe¬ 
male  chassis  connector,  Jones  S- 
310-FP. 

Pt  —  Flush  female  chassis  con¬ 
nector 

Pt  —  Three-terminal  female  chas¬ 
sis  connector,  Amphenol  PG3F. 
Pt,  Pt,  Pi  —  Banana  jack 
Pt,  Pt  —  Seven-terminal  termi- 
nad  strip 


i  *  Precision-type.  (IRC  Type  WW-4),  wire-wound  resistors.  ! 

t  Aw  consists  of  ten  25-ohm,  %  w  resistors,  connected  in  series  across  the  terminals  I 
of  an  11-position  rotary  switch,  and  isolated  from  the  remainder  of  the  circuit  with  a  ' 
L  1000  ohm,  10  watt  resistor  at  either  end  of  the  switch.  - 
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and  7«.  In  practice,  a  capacitance 
of  0.01  /if  or  more  has  been  found 
satisfactory  for  circuits  of  the  type 
shown  here. 

DUtribiitioa  of  Potoatioi 

The  circuit  of  Fig.  4  illustrates 
the  type  of  potential-distribution 
problem  encountered  in  the  appli¬ 
cation  of  the  direct-coupled  ampli¬ 
fying  unit  to  a  three-stage  cascaded 
direct-coupled  amplifier. 

The  first  stage,  which  consists 
of  7i  alone,  is  a  conventional  direct- 
coupled  amplifier.  Its  output  signal 
is  superimposed  upon  its  average 
plate  potential  of  -1-150  volts.  7, 
operates  as  a  coupling  element  to 
the  grid  of  7»,  which  is  an  ampli¬ 
fier.  7*  and  7.  operate  in  like  man¬ 
ner  to  7,  and  T».  The  average  po¬ 
tential,  with  no  signal  applied  to 
the  input  circuit,  is  given  for  all 


significant  points  in  the  circuit. 
It  will  be  noted  that  the  output  level 
of  each  stage,  exclusive  of  the  in¬ 
put  stage,  is  at  ground  potential. 

The  feedback  resistor  R„  which 
is  shown  in  Fig.  4,  has  no  function 
in  the  distribution  of  average  po¬ 
tential.  It  is  employed,  rather,  in 
the  final  design  of  the  amplifier 
as  a  gain-control  element. 

Desiga  for  a  Typical  Ampllfiar 

Figure  6  illustrates  schemati¬ 
cally  a  complete  design  for  a  direct- 
coupled  amplifier.  The  maximum 
voltage-gain  of  the  amplifier  is 
5000  times.  Its  input  impedance  is 
100,000  ohms.  The  high-frequency 
response  of  the  unit  is  given  in 
Fig.  6.  The  low-frequency  response 
of  the  amplifier  is  uniform,  at  the 
maximum  value  shown  in  Fig.  6, 
to  zero  cps. 


Fig.  6 — High-irequency  response  characteristic  of  the  amplifier 
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FIG.  7 — Input  attenuator  detail.  Each  resistor  is  a  V4-watt  unit 


TABLE  1.  Overall  Amplifier  Gain  as  a 
Function  of  Attenuator  Setting  ond  Actual 
Amplifier  Gain 


Atteouator 

Salting 

Amplifier  Gain  Setting 

1000 

2000  . 

5000 

0 

0 

0 

0 

1 

1 

2 

5 

2 

•t 

4 

10 

S 

5 

10 

25 

4 

10 

20 

50 

S 

20 

40 

100 

6 

SO 

100 

250 

7 

100 

200 

500 

8 

200 

400 

1000 

9 

500 

1000 

2500 

10 

1000 

2000 

5000 

The  amplifier  has  been  designed 
for  direct  deflection  of  a  Du  Mont 
Type  5LP5  cathode-ray  tube,  which 
is  operated  with  a  second-anode  po¬ 
tential  of  1000  volts  and  an  inten- 
sifier-electrode  potential  of  2000 
volts.  Instability  of  gain  and  drift 
cannot  be  observed  on  the  screen 
of  the  cathode-ray  tube.  The  am¬ 
plifier  is  operated  entirely  from  al¬ 
ternating-current  power. 

lapat  Clrcalt 

A  balanced  input  attenuator 
(Fig.  7)  is  provided  in  the  ampli¬ 
fier  for  reduction  of  the  input  sig¬ 
nal  to  an  amplitude  which  is  proper 
for  the  grid  of  the  first  stage  and 
for  control  of  the  magnitude  of  the 
output  potential.  The  attenuator 
gives  steps  in  gain  in  the  ratio  of 
2  to  1  as  closely  as  could  be  ob¬ 
tained  with  available  values  of 
standard  commercial  resistors. 
Eleven  fixed  positions  of  the  input 
attenuators  are  available  which, 
with  three  fixed  values  of  ampli¬ 
fier  gain,  give  a  total  of  33  gain 
positions.  The  maximum  attenu¬ 
ation,  exclusive  of  the  “OFF”  po¬ 
sition,  is  10‘*.  The  gain  settings 
available  are  given  in  Table  I. 

Immediately  following  the  input 
attenuator  in  the  circuit  is  a  three- 
position  switch  which  will  ground 
either  side  of  the  amplifier  input 
for  use  with  signals  which  are  un¬ 
balanced  with  respect  to  ground. 
An  ungrounded  position  is  provided 
for  use  of  the  amplifier  in  the  con¬ 
ventional  balanced  manner. 

Balanc*  of  tbo  Ampllfior 

The  term  “balance”  is  used  to 
refer  to  the  overall  adjustment  of 
any  or  all  of  the  characteristics  of 
an  amplifier  to  readjust  the  output- 
(Continued  on  page  362) 
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ABOVE:  In  on*  itep  ol  th*  grinding  process,  th*  quarts  wafers 
ore  placed  in  pentagonal  holes  in  planetary  gears  that  rsTolT* 
and  rotate  with  obrosiTe  between  two  cross-grooTod  plotes 


LEFT:  Th*  quarts  wafers  or*  held  in  place  by  sxiction  and 
groiud  against  a  resinoid  diamond  wheel  on  this  automatic 
lapping  machine 


Lapping  QUARTZ  for  War 


Some  of  the  techniques  used  in  processing  crystals  at 
Dobbs  Ferry,  N.  Y.  plant  of  North  American  Philips 


After  partial  orientotien  with  a  conoscop* 
(above),  accurate  checking  of  th*  sawing 
angle  is  made  by  x-roy  diffraction  on  th* 
instrument  at  th*  left 


Measurement  of  High  V  acuums 


Gages  used  in  the  development  of  electronic  and  other  devices  Employing  low  pressures 
measured  in  microns  of  mercury  are  described.  Their  application  to  automatic  control  of 

manufacturing  processes  is  discussed 


Ignitron  mercxirymrc  rectiiier  equipped  with  on  industrial  type  racuum  gage 
haTing  a  handwheel  and  pinion  lor  operating  the  mercury  plunger.  The  gage 
is  at  the  extreme  right 


The  industrial  application  of 
gaseous  and  nuclear  discharges 
is  creating  a  demand  for  instru¬ 
ments  that  measure  the  pressure 
in  vacuum  systems.  There  is  also  a 
growing  demand  for  instruments 
that  automatically  control  pressure, 
or  control  an  electrical  quantity  as 
a  function  of  pressure.  It  is,  there¬ 
fore,  timely  to  discuss  some  of  the 
various  vacuum  gages  which  are 
used  in  the  development  and  appli¬ 
cation  of  electronic  devices. 

By  far  the  most  extensive  ap¬ 
plication  for  such  vacuum  gages 
is  found  in  the  production  of  dis¬ 
charge  tubes  and  incandescent 
lamps.  However,  many  other  indus¬ 


trial  processes  now  require  the  use 
of  low  pressures  measured  in  mi¬ 
crons  of  mercury.  In  this  connec¬ 
tion,  the  barometer-tube  diagram 
of  Fig.  1,  comparing  pressures,  will 
be  of  interest. 

Barometer  Vacuem  Gage 

The  barometer  vacuum  or  Mc¬ 
Leod  vacuum  gage  operates  on  the 
principle  of  trapping,  by  means  of 
mercury,  a  definite  volume  of  gas 
in  the  closed  end  of  a  glass  tube, 
and  measuring  the  volume  of  the 
sample  after  a  definite  pressure  has 
been  applied.  The  better  the  va¬ 
cuum — i.e.,  the  smaller  the  number 
of  gas  molecules  per  unit  volume — 
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the  smaller  the  volume  will  be  after 
compression. 

According  to  Dalton’s  law,  the 
total  pressure  of  a  gas  mixture  is 
equal  to  the  sum  of  the  partial 
pressures  of  the  component  gases. 
The  gage,  however,  will  not  indi¬ 
cate  the  partial  pressures  of  vapors, 
as  for  instance  of  mercury  and 
water,  which  condense  at  the  pres¬ 
sure  applied  in  the  use  of  the  gage. 
It  will  read  only  the  total  pressure 
of  permanent  gases  present  in  the 
vacuum  system. 

The  form  of  this  gage,  which  has 
found  general  application,  is  illus¬ 
trated  in  Fig.  2.  The  glass  tube  (1) 
is  connected  to  the  vacuum  system. 
The  mercury  contained  in  the  gage 
can  be  lifted  by  means  of  a  plunger 
(7),  so  that  it  will  rise  in  tubes  (5) 
.and  (1),  and  close  off  the  entrance 
to  the  bulb  (4)  and  tube  (3),  When 
further  pressure  is  exerted  on  the 
plunger,  the  mercury  will  enter 
bulb  (4)  and  tube  (3),  the  end  of 
which  is  sealed,  and  will  compress 
the  gas  volume  which  has  been 
trapped  in  tube  (3). 

A  scale  (2),  calibrated  in  mi¬ 
crons,  is  provided  on  tube  (3)  so 
that  the  vacuum  can  be  read  di¬ 
rectly  on  this  scale.  A  marked  com¬ 
parison  tube  (6)  is  provided  on 
tube  (1)  so  that  the  operator  is 
able  to  bring  the  mercury  column 
up  to  a  definite  level.  This  level 
corresponds  to  a  definite  pressure 
on  the  volume  trapped  in  tube  (3). 
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FIG.  1 — Columns  of  morcury  (Hg)  at  rarious  prossures 


FIG.  2 — Tbo  borometor  racuum  or  McLood 


The  scale  of  the  McLeod  gage  is 
V'  lally  arranged  to  read  pressures 
from  0  to  300  microns.  Readings 
tnn  be  estimated  within  limits  of 
llxjut  0.1  micron,  which  is  usually 
rifhcient  for  technical  purposes. 
Another  type  is  available  for  read- 
tig  pressures  from  0  to  3000  mi- 
erona.  Special  gages  are  in  use  for 
i  Aouring  a  range  of  0.01  to  10 
rirrons. 

The  gage  is  easy  to  manipulate, 
a -i  the  only  care  which  has  to  be 
tkrn  concerns  the  speed  of  raising 
the  mercury  colunm.  This  must  be 
dme  slowly  in  order  not  to  break 
the  closed  end  of  the  gage  and  to 

t  vf-nt  disrupting  into  sections  the 
r  cieury  column  in  the  small  tube, 
iihich  causes  incorrect  reading.  In- 
l  ujtrial  type  gages  are  generally 
Iquipped  with  handwheels  and  pin¬ 
ions  for  operating  the  mercury 
plunger,  so  that  slow  movement  is 
l-sui  ed. 

The  McLeod  gage  is  generally 
c  0(1  to  calibrate  electrical  t3rpes  of 
^^cuum  gages,  and  is  quite  popular 
lor  laboratory  work.  Pump-evacu- 
rff-  rectifiers  are  usually  equipped 
lith  this  type  of  gage. 

TharMoeeapI*  Vacuum  6agu 

The  thermocouple  vacuum  gage 
Imrloys  the  heat  conductivity  of  a 


FIG.  4 — Circuit  for  thormocoupio  racuum 
gage 


gas  or  vapor  as  a  mean  of  measur¬ 
ing  the  pressure  in  a  vacuum  sys¬ 
tem. 

Heat  conductivity  depends  on 
pressure,  i.e.,  on  the  number  of 
molecules  present  in  the  system. 
Thus  the  essential  element  of  this 
gage  is  a  thermocouple  contained 
in  a  glass  envelope  in  the  form  of  a 
vacuum  tube,  as  shown  in  Fig.  3. 
The  tube  is  provided  with  an  ex¬ 
tended  neck  by  means  of  which  it 
may  be  connected  to  the  vacuum 
system,  either  through  a  rubber 
hose  or  glass  tubing. 

A  typical  tube  contains  a  filament 
to  which  a  constant  current  of  0.03 
to  0.06  ampere  is  supplied  by  a  dry 
battery,  this  current  being  variable 
by  means  of  a  rheostat  as  shown  in 
Fig.  4  to  provide  suitable  full-scale 
adjustment.  The  output  voltage  of 
the  thermocouple  is  indicated  by 
means  of  a  low-resistance  microam¬ 
meter.  High  output,  corresponding 
to  high  temperature  at  the  ther¬ 
mocouple,  indicates  low  pressure  or 
good  vacuum,  because  under  this 
condition  the  heat  conductivity  of 
the  gas  is  low.  Vice  versa,  low  ther¬ 
mocouple  output  indicates  a  poor 
vacuum. 

The  scale  of  the  microammeter 
may  be  calibrated  in  arbitrary  di¬ 
visions  to  enable  the  vacuum  to  be 
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FIG.  5 — Characteristic  cunr*  ior  a  tiisnnocoupU  Tacuum  gags 


read  by  means  of  suitable  curves, 
thus  allowing  the  instrument  to  be 
used  in  connection  with  any  num¬ 
ber  of  gage  tubes.  The  microam¬ 
meter  may  also  be  calibrated  di¬ 
rectly  in  microns,  in  which  case 
the  instrument  is  used  with  one 
gage  tube  for  which  it  is  calibrated. 
Obviously,  the  calibration  of  the 
tube  will  depend  on  the  nature  of 
the  gas  or  vapor  for  which  it  is  to 
be  used,  since  the  heat  conductiv¬ 
ities  of  various  gases  and  vapors 
at  a  given  pressure  are  different. 

A  typical  complete  vacuum  gage 
is  supplied  in  a  metal  case  contain¬ 
ing  filament  millianuneter  and 
thermocouple  microammeter,  as 
well  as  the  rheostat.  Mounted  in  a 
suitable  socket,  the  gage  tube  may 
be  located  at  any  convenient  point 
in  the  vacuum  system.  The  range 
of  pressures  to  which  this  device  is 
usually  applied  is  from  1  to  100 
microns.  It  has  mainly  been  sup¬ 
plied  for  use  in  laboratories.  The 
characteristic  curve  of  readings  is 
shown  in  Fig.  5. 

Het-Filam«Ht  R*sistaae«-Type 

The  hot-filament  resistance-type 
or  Pirani-Hale  vacuum  gage  uses 
the  rate  at  which  heat  is  conducted 
away  from  an  incandescent  filament 
for  indicating  the  pressure  in  a 
vacuum  system.  Since  the  rate  of 
heat  conduction  is  a  function  of  the 
number  of  gas  and  vapor  molecules 
in  the  vacuum  system,  it  is  also  a 
function  of  the  gas  pressure.  There¬ 
fore,  the  higher  the  pressure  in  the 
vacuum  system,  the  lower  will  be 
the  temperature  of  the  filament. 

Assuming  the  use  of  a  filament 


material  with  a  high  temperature 
coefficient,  such  as  tungsten  wire, 
any  temperature  change  of  the  fila¬ 
ment  will  result  in  a  relatively  large 
change  of  resistance.  To  make  the 
change  of  resistance  of  the  filament 
available  for  indicating  purposes,  it 
is  connected  to  one  branch  of  a 
Wheatstone  bridge  as  in  Fig.  6. 
Assuming  that  the  bridge  is  excited 
by  constant  voltage  and  also  that 
the  other  three  branches  of  the  cir¬ 
cuit  have  constant  resistances,  then 
a  galvanometer  or  microvoltmeter 
connected  across  the  bridge  circuit 
will  give  different  indications  for 


FIG.  6 — Hot-iUoment  gage  connected  in  a 
bridge  ~  circuit  of  o  vacuum  regulator 


various  pressures  in  the  vacuum 
system. 

In  the  ,  practical  application  of 
this  vacuum  gage,  the  filament  is 
incorporated  in  an  indicator  or  de¬ 
tector  tube  which  is  not  sealed  but 
is  connected  to  the  vacuum  system. 
Another  branch  of  the  bridge  cir¬ 
cuit  contains  a  highly  evacuated 
compensator  tube  in  comparative 
position  to  the  indicator  tube.  The 
bridge  circuit  is  balanced  after  the 
indicator  tube  has  been  evacuated 
to  the  lowest  obtainable  pressure, 
so  that  under  this  condition  all 
branches  of  the  bridge  circuit  have 
approximately  equal  resistances. 
This  condition  corresponds  to  zero 
indication.  When  the  pressure  de¬ 
creases  and  the  resistance  of  the 
filament  in  the  indicator  tube  in¬ 
creases,  the  unbalance  in  the  bridge 
circuit  causes  a  current  to  flow 
through  the  instrument,  the  scale 
of  which  may  be  calibrated  di¬ 
rectly  in  microns. 

Ums  for  Pirasi*Hal«  Gage 

This  gage  may  be  used  both  for 
local  and  remote  measurement  of 
vacuum  and  also  for  the  purpose  of 
controlling  vacuum  through  a  con¬ 
tact-making  device,  as  shown  in 
the  connection  diagram  of  such  a 
vacuum-regulating  equipment  (Fig. 
6).  The  instrument  of  this  equip- 


FIG.  7 — Circuit  for  on  ionization  gag*, 
using  o  triode  tube 
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ment  is  provided  with  a  set  of  con¬ 
tacts  so  arranged  that  the  indicator 
nei'dle  may  close  these  contacts  if 
it  reaches  a  selected  point  on  the 
ntirron  scale. 

To  relieve  the  needle  of  any  me- 
’h^nical  stress  required  for  exert¬ 
ing  a  sufficient  contact  pressure,  a 
small  motor  is  used  in  the  regu¬ 
lator  diagrammed.  It  presses  the 
needle  in  regular  short  intervals 
against  the  contact  bar,  through 
a  reciprocating  movement,  thereby 
rioting  the  circuit  to  the  vacuum 
'pump.  When  the  needle  returns  to 
the  selected  point,  usually  low  on 
•he  scale,  another  contact  is  caused 
io  open  the  circuit. 

Devices  of  this  type  are  usually 
pmnloyed  to  ring  an  alarm  or  trip  a 
lectifier  off  the  line  in  case  vacuum 
ifaiLs.  They  may,  however,  be  used 
for  automatic  control  of  vacuum 
pumps  if  this  is  desired. 

I  The  particular  gage  referred  to 
is  calibrated  for  a  range  of  1-10 
microns.  Readings  may  be  esti- 
t!iated  to  about  0.1  micron. 

loaixation  Gag* 

The  ionization  gage  is  perhaps 
khe  simplest  means  for  quantita- 

ively  measuring  a  high  vacuum. 
fcThis  gage,  which  consists  essen- 
Hally  of  a  three-electrode  vacuum 


Emission  Gag* 

A  more  recent  means  for  quali¬ 
tatively  indicating  the  degree  of 
vacuum,  or  a  leak  in  a  vacuum  sys¬ 
tem,  is  the  emission  gage,  which 
uses  a  diode  tube  for  indicating  the 
presence  of  gas  in  the  vacuum  sys¬ 
tem. 

In  this  case,  the  gage  tube  con¬ 
tains  two  electrodes,  as  shown  in 
Fig.  8,  one  being  the  hot  cathode 
and  the  other  the  anode,  which  is 
arranged  close  to  the  cathode.  The 
cathode  is  heated  by  a  standard 
low-voltage  battery  of  perhaps  1 
volt,  while  the  applied  anode  volt¬ 
age  may  be  obtained  from  a  small 
45-volt  radio  battery. 

As  long  as  no  gas  molecules  are 
present  in  the  tube,  an  electron 
emission  current  may  be  read  with 
a  microammeter.  If,  however,  any 
gas  is  allowed  to  enter  the  vacuum 
system,  the  emission  breaks  down, 
and  the  microammeter  in  the  anode 
circuit  will  read  zero. 

Leak  Detection 

This  system  is  used  for  indicat¬ 
ing  leaks  in  a  vacuum  system,  for 
instance  in  an  electronic  tube  being 
evacuated.  In  such  a  case,  oxygen 
is  blown  through  a  small  hose 
against  the  tube  connected  to  the 
pump,  while  the  microammeter  in¬ 
dicating  the  emission  current  of, 
the  gage  tube  is  observed.  If  the 
gas  has  a  chance  to  enter  the  va¬ 
cuum  system,  and  through  the  sys¬ 
tem  the  gage  tube,  the  emission 
current  will  disappear.  The  current 
will  return  as  soon  as  the  gas  flow 
is  interrupted,  i.e.,  the  hose  is  re¬ 
moved. 

This  method  of  leak  detection  is 
so  sensitive  that  the  location  of  a 
leak  may  be  determined  by  direc¬ 
ting  the  flow  of  gas  against  a  par¬ 
ticular  spot. 

The  leak  detector  has  until  now 
mainly  been  used  in  the  testing  of 
vacuum  tubes  for  possible  leaks, 
while  such  tubes  are  being  ex¬ 
hausted.  Its  application  may,  how¬ 
ever,  be  extended  to  any  other  sys¬ 
tem  in  which  a  high  vacuum  has  to 
be  maintained. 


To  vacuurh 
system 


FIG.  8 — An  emission  gage  using  o  diode 
tube 


range  may  be  from  0.01  to  10  mi¬ 
crons.  The  upper  limit  of  pressure 
for  this  type  of  gage  is  that  at 
which  ionization  takes  place 
throughout  the  tube,  that  is, 
throughout  the  entire  space  be¬ 
tween  filament  and  grid.  This  may 
occur — depending  on  the  design  of 
the  tube  used — at  any  pressure  be¬ 
tween  100  and  200  microns.  In  this 
case,  some  of  the  ions  will  go  to  the 
cathode  and  the  plate  current  is 
then  no  longer  a  function  of  the 
number  of  gas  molecules  present  in 
the  vacuum  system.  Furthermore, 
rapid  destruction  of  the  filament- 
type  cathode  will  occur  as  a  result 
of  bombardment  by  ions. 

The  principal  application  of  the 
ionization  gage  is  in  laboratories 
dealing  with  electronic  research 
and  in  factories  producing  vacuum 
tubes. 

In  some  cases,  especially  when 
the  ionization  gage  is  used  for  con¬ 
trol  purposes,  it  is  advantageous  to 


ELECTRONICS 


An  electronic  medical  instrument  for  recording  the  state  of  fullness  of  blood  vessels.  It 
measures  ear  opacity  by  means  of  a  tiny  phototube  and  lamp  clipped  to  the  ear.  The 
phototube  is  connected  to  a  unique  direct-coupled  push-pull  amplifier  feeding  the  mov¬ 
ing  coil  of  an  inkwriter 
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A  plethysmogbaph  is  defined  as 
“an  instrument  for  record¬ 
ing  graphically  the  size  of  a  part 
as  determined  by  the  state  of  full¬ 
ness  of  its  blood  vessels”.  This  is 
ordinarily  done  by  placing  the  part 
in  a  chamber  filled  with  air  or  wa¬ 
ter,  and  measuring  the  displace¬ 
ment  of  the  filling  medium  with  a 
tambour  or  similar  means.  This 
gives  quite  accurate  quantitative 
results,  but  is  rather  inconvenient 
and  almost  impossible  to  apply  to 
some  parts. 

An  extremely  convenient  but  less 
accurately  quantitative  method  is 
photoelectric  plethysmography,  in 
which  a  beam  of  light  is  transmit¬ 
ted  through  the  tissues  and  onto 
a  phototube,  the  amount  of  light 
reaching  the  phototube  depending 


on  the  absorption  of  light  in  the  re¬ 
gion.  This  depends  to  a  consider¬ 
able  extent  on  the  amount  of  blood 
in  the  tissues  at  the  moment  With 
each  contraction  of  the  heart,  blood 
is  forced  into  the  peripheral  vascu¬ 
lar  system,  causing  a  momentary 
dilatation  and  an  increased  absolu¬ 
tion  of  light 

A  fingertip  pulsation  as  recorded 
with  a  capacitor-coupled  amplifier 
and  cathode-ray  tube,  simultan¬ 
eously  with  a  record  of  the  cardiac 
action  potentials,  is  shown  in  Fig. 
1.  Note  the  delay  between  contrac¬ 
tion  of  the  heart  (at  point  B)  and 
the  arrival  of  the  pulse  at  the  finger 
(at  point  A).  In  addition  to  this 
pulsation  there  is  a  slow  change 
due  to  variations  in  arterial  tonus, 
as  well  as  other  factors.  This  slow 


FIG.  1  — ^Racording  of  cardiac  action 

potontial  (lowor  rocord.  with  boginning  of 
cordioc  contraction  at  B).  and  fingertip  pnl- 
■ations  (upper  record,  with  onset  of  pulse 
at  Aj  . 


FIG.  2  (Below) — ^Eor  opacity  is  measured 
with  this  onongement  which  is  a  modifica¬ 
tion  of  the  Hertxmon-Dillon  plethysmo- 
graph.  A  compact  Torsion  is  being  used  by 
high-oltltude  fliers  to  monitor  the  omount  of 
oxygen  in  their  blood,  os  this  is  also 
reloted  to  ear  opacity 


C£2Z 

phofohib* 


change  can  be  recorded  only  with  i 
direct-coupled  amplifier.  An  exam¬ 
ple  still  occasionally  seen  is  blush¬ 
ing  of  the  face  and  ears  as  a  re¬ 
sponse  to  certain  emotional  stimuli 
A  similar  but  more  pronounced 
effect  may  be  obtained  by  the  Val¬ 
salva  experiment,  in  which  an  at¬ 
tempt  at  forced  expiration  is  made 
with  a  closed  glottis.  This  raises 
the  intrathoracic  pressure  above 
the  venous  pressure,  preventing  re¬ 
turn  of  blood  to  the  heart  and  pro¬ 
ducing  engorgement  of  the  peri¬ 
pheral  vessels,  especially  of  the 
head.  This  is  the  most  convenient 
method  for  testing  a  photoelectric 
plethysmograph  designed  for  use 
on  the  ear. 

Photoelectric  plethysmography 
was  first  introduced  in  Germany  in 
1934,*  and  developed  further  in  this 
countrsr^  *. 

Reeerdisg  Opacity  of  tba  Ear 

In  connection  with  a  research 
problem  it  became  necessary  to  re 
cord  with  an  inkwriter  the  amount 
of  blood  in  the  ear  simultaneously 
with  several  other  inkwritten  rec 
ords,  these  records  being  made  by 
a  six-channel  Grass  electroenceph 
alograph.  One  of  the  electroen 
cephalograph  inkwriters  was  not 
being  used  for  other  purposes,  so 
it  seemed  desirable  to  use  it  for  re¬ 
cording  the  ear  opacity. 

An  inkwriter  as  used  for  electro¬ 
encephalography  consists  of  a  mov 
ing  coil  and  field  magnet  assembly, 
much  like  a  dynamic  speaker,  with 
the  moving  coil  connected  to  a  lever 
system  which  amplifies  the  motion 
and  applies  it  to  a  pen.  The  moving 
coil  is  wound  with  fine  wire,  usually 
No.  41,  to  a  d-c  resistance  of  about 
2,500  ohms.  Thus  it  may  be  con- 
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eoted  directly  into  the  plate  cir¬ 
cuit  of  a  vacuum  tube,  which  is 
p«o.^>Ary  in  order  to  record  fro- 
ll'uenfif-s  down  to  one  or  two  cycles 
prr  second.  Such  frequencies  are 
jfrequently  found  in  pathological 
Jeotroencephalograms.  (For  fur- 
ver  information  on  the  Grass  elec* 
v^nccphalograph  see  appendix  A, 

Etjas  of  Electroencephalography, 
'.  A.  Gibbs  and  E.  L.  Gibbs,  Cam- 
ridgf?,  Mass.,  1941.) 


PleHytnegraph  Deslga 

A  modification  of  the  Hertzman- 
Kiilon  plethysmograph  was  used, 
pe  design  being  changed  to  allow 
'>e  light  transmitted  through  the 
to  fall  directly  on  the  cathode 
if  the  phototube,  thus  obtaining 
^in<jidprably  higher  output.  This 
lifted  instrument,  shown  in  Fig. 
slectro-  gives  an  output  of  the  order  of 
a  mov-  fco  volt  with  a  moderate  change 
lembly,  p  ear  density,  such  as  that  caused 
r,  with  ^  a  Valsalva  experiment.  A  tube 
a  lever  pell  adapted  to  this  purpose  is  the 
motion  Son  tinental  Electric  CE  22  of  the 
novisgfcit  end  type.  (This  tube  is  sup- 
i  with  either  a  round  or  flat 
^  i  and  it  is  necessary  to  specify 
order  to  receive  the  one  desired.) 


The  electroencephalograph  ampli¬ 
fiers  are  capacitor  coupled,  and 
would  work  well  for  recording  pul¬ 
sations  in  the  ear,  but  could  not  of 
course  be  used  for  recording  sus¬ 
tained  changes  in  ear  opacity.  Thus 
it  was  necessary  to  develop  a  di¬ 
rect-coupled'  amplifier  with  suffi¬ 
cient  power  to  drive  the  inkwriter. 

AnplHicr  Circait 

The  amplifier  circuit  is  shown  in 
Fig.  3.  The  output  stage  is  of  a 
conventional  push-pull  type,  driven 
by  a  push-pull  phase  inverter  with 
a  large  cathode  resistor.  The  phase 
inversion  is  produced  by  means  of 
the  large  voltage  drop  in  the  com¬ 


mon  30,000-ohm  cathode  resistor. 
This  voltage  drop  is  always  larger 
than  45  volts,  so  as  to  make  the 
cathode  positive  with  respect  to  the 
grid  as  required  for  negative  grid 
bias.  The  input  grid  of  tube  1  is 
grounded,  and  the  signal  is  applied 
to  the  input  grid  of  tube  2. 

When  the  grid  of  tube  2  is  made 
more  negative  by  a  change  in 
phototube  resistance,  the  cathodes 
of  both  input  tubes  also  become 
more  negative  (closer  to  —46  v), 
because  of  the  decreased  voltage 
drop  in  the  common  cathode  resis¬ 
tor.  The  effect  is  thus  to  bring  the 
grid  of  tube  1  closer  to  the  cathode 
in  potential;  since  the  grid  was  or¬ 
iginally  negative,  it  becomes  less 
negative  with  respect  to  its  cathode. 
This  is  just  as  if  the  signal  had 
been  applied  from  grid  to  grid, 
rather  than  from  one  grid  to 
ground.  Therefore,  given  a  suflft- 
ciently  large  cathode  resistor,  the 
signals  on  the  two  plates  of  the  first 
stage  will  be  180  deg.  out  of  phase 
and  approximately  equal  *•••*. 

The  line  voltage  on  which  the 
photoelectric  plethysmograph  was 
to  be  operated  had  frequent  large 
transients,  and  it  was  decided  to 
eliminate  interference  from  these 
by  operating  the  first  stage  of  the 
amplifier  on  batteries.  The  drain 
is  extremely  small,  so  that  long 
battery  life  can  be  expected.  The 
output  stage  was  operated  from  a 
rectifier  power  supply  in  order  to 
obtain  sufficient  power.  Push-pull 
operation  makes  this  stage  almost 
completely  stable  even  with  large 
changes  in  line  voltage. 

When  operating  as  an  electro- 
(Continued  on  page  318) 
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FIG.  4  —Inkwriter  record  obtained  by  a  ValsalTa  experiment  with  the  photoelectric 
plethysmograph.  The  dip  between  pointi  A  and  B  indicates  increased  congestion 
and  corresponding  higher  ear  density 
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AIRCRAFT  RADIO 


By  A.  F.  TRUMBULL 

San  Mateo,  Calif. 


OTIRCRAFT  radio  mechanics  tn; 
X^ployed  by  commercial  airliner 
can  be  divided  into  three  groups 
line  service  mechanics,  who  ched 
the  radio  equipment  and  affiliates 
installations  in  the  aircraft  itself 
shop  mechanics,  who  are  respor- 
sible  for  the  overhaul,  maintenance 
rebuilding  and  revision  of  suc- 
items  as  transmitters,  receiver, 
and  other  removable  equipment 
project  mechanics,  who  make  majc; 
alterations  in  the  equipment  ai;i 
the  installation. 

General  Requiremeett  of 
MaieteeaNce  Mechanics 

All  mechanics  assigned  to  air 
craft  radio  maintenance  must  ho!; 
at  least  a  second-class  radiotelr 
phone  license,  in  addition  to  teci 
nical  and  personal  qualificatiom 
Versatility  is  highly  desirable  sine 
a  man  may  be  used  for  all  thn 
types  of  work.  An  understandiii 
of  the  requirements  for  each  ty? 
of  aircraft  radio  mechanic  can  h 
of  value,  however,  in  placing  tho 
new  men  whose  aptitudes  mai 
them  best  suited  for  one  particuk 
type  of  work. 

Linn  Snrvicn  Mechanic 


Aircraft  radio  mnchonic  adiosting  a  lO-frnqunncy  combination  transmitter 
and  rnenirnr  at  United  Air  Lines'  maintenance .  base  at  Cheyenne.  Wyoming 


Generally  the  airplane  radio  lia 
service  mechanic  must  be  able  ! 
think  and  act  quickly,  be  cheeri. 
present  a  good  appearance,  and ! 
cooperative  to  a  greater  degn 
than  the  shop  man.  He  must  be  at 
to  diagnose  quickly  and  accuiat 
any  irregularities  in  the  operatic 
of  every  single  component  of  c 
aircraft  radio  installation,  to  ^ 
termine  whether  or  not  it  is  op^i"* 
ing  properly  and  if  not,  how  to  ^ 
it.  His  remedial  measure  may  i 
nothing  more  than  replacing  a  c 
fective  unit,  but  he  must  know ; 


Communicotioiis  laboratory  oi  Unitod  Air  Linos  in  Chicogo 
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Duties  and  required  qualifications  of  each  type  of  aircraft  radio  mechanic,  and  general 
iiscussion  of  maintenance  procedures  used  hy  large  commercial  airlines  to  keep  both 
iiound  and  flying  radio  equipment  in  proper  condition  with  minimum  plane  lay-over 
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ure  that  the  unit  is  defective  and 
hat  its  replacement  will  cure  the 
rouble. 

Shop  MvehaMie 

The  airplane  radio  shop  mechanic 
not  required  to  make  the  light- 
ling  decisions  so  necessary  in 
'through  service”  work,  but  his 


technical  knowledge  and  his  ability 
to  handle  tools  and  machine'*y  are 
important.  He  can  assume  a  more 
or  less  steady  gait  at  his  bench 
work.  The  slow-but-sure  tyi>e  of 
man  is  valuable  at  such  work,  as  it 
usually  requires  a  great  deal  of 
patience,  consistent  and  deliberate 
thinking,  planning  ahead  and  some¬ 


times  the  development  of  ideas.  An 
analytical  mind  and  a  creative  in¬ 
stinct  are  definite  assets  in  radio 
shop  work,  especially  when  com¬ 
pletely  rebuilding  some  unit  of 
radio  equipment. 

Project  Mecbaaic 

Project  work  consists  of  the  in- 
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Teit  panels  In  the  radio^lectric  department  of  United'*  base  in 
Cheyenne.  Left  to  right:  Automatic  direction-finder  test  panel; 
receieer  test  panel;  interphone  and  loop  test  panel;  oscillo¬ 
scope  for  Tisuol  checking;  o-f  signal  generator  and  ▼oenum- 
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tube  Toltmeter;  communications  unit  test  ponel;  a-f  power 
amplifier;  loop  gear  box  test  ponel;  all-wore  receixer  for 
checking  frequencies;  microphone  and  headset  test  panel; 
autosyn  test  panel;  relay  test  panel;  generator  test  panel 
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all  oircrafl  radio  rocoiTors  corrtod  cd>oard  Mainlinors.  Push¬ 
buttons  soloct  any  of  24  crystcd-controUod  froguoncios 
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stallation  of  new  units,  the  altera¬ 
tion  of  existing  installations  and 
major  overhaul  and  repair  jobs. 
The  airplane  radio  project  me¬ 
chanic  requires  many  of  the  attri¬ 
butes  of  both  the  line  service  me¬ 
chanic  and  the  shop  mechanic.  His 
.work  is  usually  in^the  airplane  it¬ 
self  and  is  accomplished  at  the  time 
the  plane  is  in  the  shop  for  engine 
change  and/or  plane  overhaul.  He 
must  be  able  to  cooperate  with 
others  to  a  high  degree,  and  must 
work  fast  and  accurately  so  that 
the  plane  will  not  be  out  of  service 
because  of  his  slowness  or  mistakes. 

About  25  percent  of  an  aircraft 
radio  installation  was  changed 
every  year  prior  to  the  war,  in  the 
interest  of  modernization  and  im¬ 
proved  operation.  The  changes 
usually  involved  the  “fixed”  equip¬ 
ment  in  the  plane,  frequently  not 
readily  accessible,  hence  the  work 
had  to  be  of  high  quality  and  re¬ 
quire  no  future  attention. 
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lems  involving  too  small  an  equip¬ 
ment  market  to  interest  aircraft 
radio  manufacturers,  or  for  work 
requiring  flying  equipment  and 
other  facilities  available  only  to  an 
air  transport  company. 

Aircraft  radio  equipment  is 
usually  designed  to  meet  the  aver¬ 
age  requirements  of  all  commercial 
airlines,  and  the  conununications 
laboratory  may  often  engineer  such 
changes  as  are  desirable  for  its 
own  airline.  Operating  service 
problems  which  require  laboratory 
equipment  and  technicians  are  also 
handled  by  the  laboratory  staff. 


DasirabI*  Qaalificatieiis  for  Aireroft 
Radio  Moehoiiiet 


Communications  Laboratory 

Some  of  the  major  airlines  main¬ 
tain  a  communications  laboratory 
for  development  work  on  local  prob¬ 


In  addition  to  actual  radio  train¬ 
ing  and  experience,  it  is  highly  de¬ 
sirable  that  all  aircraft  radio  me¬ 
chanics  have  at  least  a  high  school 
education,  including  courses  in 
physics,  mathematics  through  alge¬ 
bra  and  trigonometry,  mechanical 
drawing  and  machine  shop  prac¬ 
tice.  Training  in  sheet  metal  work, 
welding,  brazing  and  soldering  and 
experience  with  internal  combus¬ 
tion  engines  and  instruments  is 


also  desirable  in  radio  maintenance 
work. 

Much  or  all  of  this  apparently 
unrelated  training  is  often  lacking 
in  applicants  for  positions  in  air¬ 
craft  radio.  So  often  it  is  not  real¬ 
ized  that  aircraft  radio  mechanics 
must  thoroughly  understand  the 
functions  and  importance  of  all 
airplane  controls  and  the  funda¬ 
mentals  of  airplane  design.  The 
knowledge  of  controls  is  necessary 
so  that  he  will  not  damage,  throw 
out  of  adjustment  or  obstruct  the 
movement  of  any  airplane  controls 
when  doing  his  particular  job.  A 
knowledge  of  the  fundamentals  of 
construction  makes  him  realize  that 
even  the  smallest  rivet,  gusset  or 
brace  may  be  an  important  a  true 
tural  member.  Accordingly  he  mu*' 
not  drill  holes,  bend  parts,  or  other¬ 
wise  alter  any  structure  without 
first  obtaining  proper  authority. 


OpportooHlos 

Radio  maintenance  mechanics! 
usually  start  as  apprentices  or  help 
ers  at  40  to  75  cents  per  hour. 
Raises  are  usually  periodical,  a* 
after  the  required  length  of  -en 
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ice  the  apprentice  is  made  a  me¬ 
chanic  at  approximately  75  cents  to 
$1.00  per  hour.  Progress  from 
there  to  master  or  lead  mechanic 
and  to  supervisory  duties  is  usually 
dependent  solely  on  ability. 

Aircraft  Radio  Maiatenanee  StatioNS 

Radio  maintenance  facilities  are 
usually  established  at  one  or  more 
stations  on  the  airline,  so  neces¬ 
sary  work  can  be  done  during  lay¬ 
overs  between  trips.  At  other  than 
terminal  stations  a  plane  is  avail¬ 
able  only  from  5  to  30  minutes, 
which  is  insufficient  to  accomplish 
any  work  other  than  replacement 
of  some  item  of  removable  equip¬ 
ment. 

Maiatonaaco  Foronao 

The  facilities  at  an  aircraft  radio 
maintenance  station  are  usually  in 
the  charge  of  a  radio  maintenance 
foreman,  who  answers  directly  to 
the  chief  mechanic  at  the  station. 
Such  a  foreman  frequently  has  as 
added  responsibilities  the  entire 
plane  electrical  system,  emergency 
ground  radio  station  repair,  and 
electrical  and  communication  facili¬ 


ties  in  airport  buildings  of  the 
airline.  It  has  been  found  that 
much  better  results  are  obtained  if 
the  entire  electrical  system  of  the 
plane  is  made  the  responsibility  of 
one  department.  Any  good  radio 
man  can  handle  the  straight  elec¬ 
trical  work,  but  the  converse  is  sel¬ 
dom  true.-  - 

The  responsibilities  of  the  main¬ 
tenance  foreman,  presuming  they 
are  electrical  as  well  as  radio,  might 
be  itemized  somewhat  as  follows : 

(1)  Maintenance  of  the  plane 
radio  equipment  (both  removable 
and  fixed),  pilot’s  headset  and 
microphone  equipment,  and  the  use 
and  care  of  all  radio  shop  equip¬ 
ment. 

(2)  The  instruction  of  radio  me¬ 
chanics,  assigned  to  the  various 
crews,  in  the  proper  maintenance 
of  the  plane  radio  and  electrical 
systems. 

(3)  To  act  in  an  advisory  ca¬ 
pacity  to  the  crew  chief  or  chief 
mechanic  in  the  correction  of  any 
reported  irregularities  of  radio  or 
electrical  systems. 

(4)  To  see  that  the  instructions 
issued  by  the  superintendent  of 


communications  are  carried  out. 

(5)  To  contact  and  instruct  the 
flying  personnel  with  respect  to  the 
operation  of  radio  equipment. 

(6)  To  maintain  proper  spare 
equipment  and  parts  at  strategic 
stations  on  his  division. 

(7)  To  prepare  all  forms  and 
records  required  by  division  or  field 
headquarters,  and/or  the  Civil 
Aeronautics  Bureau. 

(8)  To  be  on  the  alert  to  sug¬ 
gest  improved  servicing  methods. 

(9)  To  assign  radio  mechanics 
to  the  various  crews,  and  arrange 
for  radio  mechanics  to  rotate  shifts 
so  that  each  man  spends  sufficient 
time  in  the  shop  to  keep  fully  fa¬ 
miliar  with  radio  maintenance  work. 

(10)  To  contact  other  stations 
on  his  division,  at  regular  intervals 
approved  by  the  division  superin¬ 
tendent,  in  order  to  advise  and  in¬ 
struct  the  crew  chiefs,  chief  me¬ 
chanics  and  radio  mechanics  at 
those  stations  in  the  proper  in¬ 
spection  and  servicing  of  radio  and 
electrical  equipment. 

Formal  maintenance  orders  are 
issued  as  bulletins  by  the  superin¬ 
tendent  of  communications. 


Panel  ior  testing  microphones  and  headsets  in  soond-prooi  box 
and  recording  their  response  curres 


Air-operated  Tibration  generator  designed  especially  ior  testing 
aircrait  radio  equipment 
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Computing  CIRCUIT 


A  method  is  outlined  for  computing  the  voltage  across  a  particular  element  of  a  network 
at  any  desired  cycle  after  application  of  a  repetitive  discontinuous  waveform,  such  as  a 
rectangular  pulse.  General  equations  are  given  and  a  numerical  example  is  worked  out 


IF  A  WAVEFORM  consists  of  a 
number  of  cycles  which  cannot 
be  expressed  by  a  limited  number 
of  harmonically-related  sinusoidal 
terms,  and  yet  successive  cycles  are 
identical,  we  have  a  repetitive  dis¬ 
continuous  waveform.  An  example 
of  such  a  voltage  waveform  is  a 
train  of  rectangular  pulses. 

This  paper  outlines  a  method  for 
the  computation  of  circuit  re¬ 
sponses  to  repetitive  discontinuous 
voltage  waveforms.  As  compared 
to  alternative  methods,^-  *•  the  math¬ 
ematical  development  is  simpler  and 
a  clearer  physical  picture  is  ob¬ 
tained.  A  general  description  of 
the  method  will  be  given,  illustrated 
by  working  out  a  specific  applica¬ 
tion. 

6«mral  Statcmcaf  of  Problem 

In  Fig.  1(a)  a  source  of  voltage 
e  is  connected  to  a  load  Z.  The  volt¬ 
age  waveform  is  as  shown  in  Fig. 

1  (b) .  During  the  interval  0  ^  ^  t, 
the  voltage  can  be  expressed  by  the 
function  f(t).  At  t  there  is  a  dis¬ 
continuity,  and  from  t  to  T,  the  end 
of  the  cycle,  the  voltage  is  expressed 
by  the  function  p  (t  —  t),  where 
t  has  any  value  between  t  and  T. 
It  is  required  to  find  a  circuit  re¬ 
sponse  e'  where  ^  is  the  voltage 
across  a  particular  element  of  the 
network,  during  the  nth  cycle.  In 
the  case  shown  in  Fig.  1(b),  there 
is  a  single  discontinuity  in  the 
voltage  waveform  at  t  =  t.  It  may 
happen  that  there  is  more  than  one 
discontinuity,  or  it  may  happen 
that  p  (t  —  t)  is  zero. 

With  p  (t  —  t)  zero,  if  the  inter¬ 
val  (T  — 't)  is  sufficiently  long  so 
that  the  response  is  effectively  zero 
before  the  commencement  of  the 
next  cycle,  the  problem  reduces  to 
one  which  can  be  solved  by  con- 
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ventional  methods.  This  is  done  by 
setting  up  two  equations,  one  fbr 
the  period  when  the  emf  has  a 
finite  value,  and  the  second  for  zero 
applied  emf.  The  first  of  these  equa¬ 
tions  will  have  initial  conditions 
corresponding  to  rest  conditions  for 
the  circuit,  while  the  initial  condi¬ 
tions  for  the  second  equation  will 
be  found  from  the  value  of  the  first 
equation  at  the  instant  t  =  t. 

First  Step  in  Solution 

The  general  case,  where  at  the 
end  of  the  cycle  the  response  is  not 
zero,  will  now  be  investigated.  The 
first  step  consists  in  finding  the  re¬ 
sponse  for  the  first  cycle.  At  the 
instant  before  the  start  of  the  first 
cycle,  there  is  zero  response,  hence 
the  initial  conditions  will  be  given 
by,  in  the  notation  of  Fig.  1,  the 
response  to  f(t)  at  t  =  0.  Now 
f(t)  expresses  the  emf  until  some 
time  T,  where  t  ^  T.  If  t  =  T,  e' 
for  the  first  cycle  has  been  evalu¬ 
ated.  In  case  z  <  T,  the  response 
over  the  interval  z  ^  T  must  be 
found.  The  equation  for  the  re¬ 
sponse  over  the  second  interval  is 
obtained  by  solving  for  the  response 
to  p  (t  —  z),  with  initial  conditions 
appropriate  to  the  value  of  the  en¬ 
ergy  stored  in  the  network  at 
t  =  z  due  to  f(t).  The  first  step  in 
the  solution  for  the  response  to  the 
nth  cycle  of  emf  is  then  the  solution 
for  the  response  to  the  first  cycle. 

The  steps  in  the  solution  will  be 
illustrated  by  solving  an  actual  ex¬ 
ample.  The  network  of  Fig.  2  is  ex¬ 
cited  by  a  source  of  d-c  potential 


which  is  connected  to  the  network 
through  switch  S.  This  switch  is 
closed  cyclically  for  an  interval  z 
and  opened  for  an  interval  (T  —  t). 
The  switch  may  be  a  rotating  com¬ 
mutator  or  some  type  of  relay  which 
is  repetitively  energized  and  deen¬ 
ergized.  The  resistance  of  the  volt¬ 
age  source  is  lumped  with  series 
circuit  resistance  in  /?,.  It  is  re¬ 
quired  to  find  the  voltage  across 
C  during  the  nth  cycle.  The  applied 
emf  will  have  the  following  form: 


e—f{t)  =  E  where  (1) 

e  =  p(r— t)=0  where  r^t^T 
The  emf  is  then  a  pulse  of  period 
T  and  of  length  t.  The  fact  that 
p  (t  —  z)  is  zero  simplifies  the  equa¬ 
tions  of  the  example,  but  does  not 
result  in  any  loss  of  generality 
since  it  is  assumed  that  at  T  the  re¬ 
sponse  is  not  virtually  zero. 

It  can  be  shown*  that,  for  the 
first  cycle. 


ti 


Ri  +  Rt 
RiBiC 


where  0  ^  ^  r 


] 


Here  U  is  the  current  through  Rt, 
the  subscript  of  i  referring  to  the 
first  cycle. 

From  Eq.  (2),  since  V  =  E  —  iRt. 
where  0  ^  ^  t. 


Ri  -h  Rt 

RiRiC 

^  “  fii  4- 

Now  V  is  given  by 
F,  =  (1  -  € -*i‘),  where  0  ^  I  g  T 


(3) 

(4) 

(6) 


The  subscript  of  V  again  indicates 
the  first  cycle. 

Equation  (5)  gives  F,  for  the 
first  part  of  the  cycle  only.  The 
value  of  Vi  for  the  second  part  of 
the  cycle  will  now  be  found.  At 
t  =  z,  from  Eq.  (5)  : 


Fi  =  .B/3(l  -  lO  (6) 

With  S  open,  it  is  evident  that  C 
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RESP( 

D 

NSE  to 

Pulses 

discharges  through  Ri  alone 

and 

At  the  end  of  the  first  cycle,  from 

substituting  t  =  t  in  Eq.  (9),  and. 

we  can  write: 

Eq.  (7), 

recalling  that  the  discharge  is 

(7) 

F/«^^(1-€-«»^)  (8) 

through  Ri  only  over  this  portion 

where  T 

where  F/'  =  Fj  at  the  end  of  the 

of  the  cycle. 

and  at»l/AiC 

(8) 

first  cycle. 

,')(i-l-.-i')l.-“*(‘-n  (11) 

Equations  (5)  and  (7)  give  Vt 

for 

But 

where  T 

the  entire  first  cycle  from  t  =  0  to 
t  =  T.  This  completes  the  first  step 
in  the  solution. 

ivalHatiea  of  Retpeate  for  Fellewiag 
Cyclat 

At  the  end  of  the  first  cycle  the 
response  has  a  finite  value  different 
from  zero.  It  is  therefore  to  be  ex¬ 
pected  that  the  response  to  the  sec¬ 
ond  cycle  will  not  be  identical  with 
the  response  to  the  first  cycle.  The 
superposition  theorem  is  an  impor¬ 
tant  aid  in  evaluating  the  response 
to  the  second  and  following  cycles. 
In  brief/  this  theorem  states  that 
the  response  of  a  network  to  a  num¬ 
ber  of  voltages  is  equal  to  the  sum 
of  the  responses  to  the  individual 
voltages,  if  the  network  is  linear. 

The  superi)osition  theorem  al¬ 
lows  the  response  to  the  nth  cycle 
to  be  expressed  as  the  sum  of  the 
response  to  the  external  emf,  which 
is  found  for  the  first  cycle,  plus  the 
response  to  the  energy  stored  in  the 
circuit  at  the  end  of  the  (n  —  1) 
cycle.  Beginning  with  the  start  of 
the  first  cycle,  when  no  energy  is 
stored  in  the  circuit,  the  response 
equation  or  equations  are  found  for 
the  applied  emf.  These  equations 
are  solved  for  the  response  at  t  =  T. 
Then  the  response  during  the  sec¬ 
ond  cycle  is  equal  to  the  sum  of  the 
response  to  the  applied  emf  and  the 
response  due  to  the  energy  stored 
in  the  circuit  at  t  =  T  for  the  first 
cycle.  A  similar  process  yields  the 
response  to  the  third  and  following 
cycles.  Thus,  a  general  expression 
for  the  nth  cycle  can  be  set  up.  It 
is  of  advantage  to  regard  t  as  zero 
at  the  start  of  the  nth  cycle,  and 
(n  —  1)  cycles  to  the  left  of  the 
zero  point. 

This  step  in  the  solution  will  also 
be  illustrated  by  the  example  of 
Fig.  2.  As  shown  previously, 

lOwhereO^i^T  (5) 

where  r^t^T  (7) 


(8*) 

where  V',  =  V,  at  the  start  of  the 
second  cycle.  During  the  interval 
0  ^  ^  T  of  the  second  cycle,  ca¬ 

pacitor  C  discharges  through  iS, 
and  R,  in  parallel,  giving  rise  to  a 
voltage  term 

According  to  the  superposition  the¬ 
orem,  Vt,  the  value  of  V  for  the 


FIG.  1 — Block  diagram  (a)  and  roltago 
waToiorm  (b)  for  Uio  problom  undor 
considorotion 


FIG.  2 — Notwork  usod  os  actual  oxomplo 
in  Uluatroting  tbo  Torious  steps  InToIved 
in  solution  of  the  problem 


second  cycle,  is  given  by  adding  this 
term  to  Eq,  (5) : 

where  O^t^r  (9) 

and  from  Eq.  (8)  and  (8a)  : 
r,=  £:/3[(l-*-V) 

(1-t-/)  «-vi 

where  (10) 

For  the  remainder  of  the  cycle, 
where  -r  ^  t  ^  T,  V,  is  found  by 


and  Tr^eiT-f-ej  (T— t)  (Ha) 

In  a  similar  way  F,  can  be  found. 
From  Eq.  (11),  letting  t  =  T, 

Then,  from  the  same  considerations 
used  in  the  derivation  of  Eq.  (10)  ; 

F,=  ^^[(l-.-«,‘)+(l-*-i^ 
*-«,(»'-n(l-h*-T) 

where  0  ^  t  ^  t,  and  over  the  rest 
of  the  cycle: 

F,=  £/3[l-e-«i') 

where  T. 

It  is  convenient  to  generalize  the 
results  for  the  second  cycle,  found 
in  Eq.  (10)  and  (11),  from  the  su¬ 
perposition  theorem,  to  similar 
equations  for  the  nth  cycle: 

F,-Bd(i-€-«i‘)-i-r',*-«,‘  (12) 

where  and  1  a> 

F,=[£/3(l-.-V) 

wherer^f^  7’and  00  (13) 

Here  V',  is  the  initial  voltage  across 
C  at  the  start  of  the  nth  cycle. 

Expansion  and  Solution  of  the 
General  Equations 

Having  found  a  general  expres¬ 
sion  for  the  response  during  the 
nth  cycle,  it  is  necessary  to  expand 
this  equation  and  solve  it  in  closed 
form.  This  solution  takes  the  form 
of  a  summation.  If  there  is  a  dis¬ 
continuity  in  the  applied  emf  dur¬ 
ing  the  cycle,  then  there  will  be  two 
equations,  each  covering  part  of  the 
cycle. 

Returning  to  the  example  of  Fig. 
2,  Eq.  (12)  and  (13)  can  be  ex¬ 
panded  for  the  nth  cycle.  By  com¬ 
parison  with  the  equations  for  the 
second  and  third  cycles,  the  equa¬ 
tions  for  the  nth  cycle  are: 

[!-*-«») +(!-«-*•") 

whereO^f^r  and  <» 

Vn=E 

whercT^f^  T  and  1  ®. 

The  terms  in  the  brackets  are 
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solved  for  the  voltage  V  across 
capacitor  C  for  specific  values  of 
Ri,  Rt,  C,  and  Et„  where  the  open- 
closed  cycling  of  switch  S  is  speci- 
field.  Let  Ri  =  1.8  meg.,  iZ,  =  0.16 
meg.,  C  =  0.6  /if,  and  Et,  =  100 
volts. 

Switch  S  opens  and  closes  in  a 
cyclic  manner  such  that  the  period 
of  closure  is  0.01  second  and  the 
open  period  is  0.09  second.  In  the 
notation  used  previously,  this  cor¬ 
responds  to  T  =  0.01  sec.  and  T 
=  0.10  sec. 

Let  it  be  required  to  find  the  volt¬ 
age  V  of  Fig.  2  from  the  first 
closure  of  switch  S  until  steady- 
state  conditions  are  established. 

From  Eq.  (8), 

a»»l/AiC-l.ll 

From  Eq.  (3), 

R\  Rt  ,  j 

From  Eq.  (4), 


where  T 
K®  =  (1  -  + 

(1  - .  -“,0 « 

where  0  ^  f  ^  t  and  the  subscript 
00  for  V  indicates  n  — >  oo. 


geometric  progressions  with  the 
sums: 


Hence  F,  can  be  written 


Time  CoMtast  Fornialat 

In  the  example  of  Fig.  2,  the  time 
constant  for  charging  C  may  be 
defined  as  the  number  of  cycles, 
multiplied  by  T,  which  it  takes  for 
V  to  rise  to  (1  —  «'^)  of  its  final 
value  at  T  as  given  by  Eq.  (16). 
Letting  N  be  the  particular  value 
of  n  which  gives  this  result,  from 
the  ratio  of  Eq.  (16)  and  (14)  : 


where and  l^n^®. 

K.-  ^/5(1-€-V) 

«--i‘  (15) 

where  and  ®. 

Equations  (14)  and  (16)  are  a 
complete  solution  of  the  illustra¬ 
tive  problem.  There  are,  however, 
a  number  of  other  results  which 
are  of  some  interest. 


"Steady-State"  Seletiee 

Having  found  equations  which 
give  the  response  for  all  portions 
of  the  nth  cycle,  it  is  convenient  to 
let  n—>co  and  derive  equations 
equivalent  to  the  steady-state  equa¬ 
tions  for  sine-wave  emf’s. 

In  the  case  of  Eq.  (14)  and  (16), 
the  steady-state  equations,  found 
by  letting  n  — >  oo,  are : 


Rich  I 
sight 
at  set 
tern  c 
tiven< 
stallai 
Air 
tected 
systei 
vidual 
cabinc 
by  an 
are  i 


From  which 

AT  -  1/  and  iVr  -  Y  -  ^  ^  j. 

The  time  constant  for  decaying 
V  when  excitation  is  removed  is 
!/«,  =  R,C. 

Naoiarical  Ixanpla 

The  circuit  of  Fig.  2  will  now  be 


Ri  +  Rt 

and  from  Eq.  (11a), 

Y—air-f-oi  (T—t)® 0.2444. 

Since  the  time  constant  of  the 
circuit  of  Fig.  2,  with  a  rectangu¬ 
lar  pulsed  waveform,  has  been 
shown  equal  to  T/y  =  0.41  sec.,  the 
fourth  cycle  will  just  fail  to  bring 

V  up  to  0.63  of  its  final  value.  By 
plotting  the  first  seven  cycles,  the 
tenth  cycle,  and  the  steady  state, 
the  value  of  V  from  the  start  of 
the  first  cycle  to  the  steady  state 
can  be  shown  reasonably  well.  Sub¬ 
stituting  the  values  of  o^,  a*,  /3,  and 

Y  just  found  in  Eq.  (14)  and  (16), 
the  transient  state  is  found: 

V,-57.1  (1 -€-•-*«<<-)  €-*•“  <^  ") 
where  0.01  ^(^0.1  and  « 

7, -92.6- (40.7-1-61.8 

where  O^t^O.Ol  and  l;^^^ 

The  steady-state  equations,  from  Eq.  (16) 
and  (17),  are: 

V  -67.1* -*•»*(«-••«) 

whtfe  0.01  ^0.1 

V  -92.6-40.7* 

where  0^1:20.01 

Figure  3  shows,  in  graphical 
form,  the  value  of  these  equations 
for  the  first  seven  cycles,  the  tenth 
cycle,  and  the  steady,  state. 
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FIG.  3 — Output  Toltage  plotted  against  time  for  the  first  seven  cycles,  the  tenth 
cycle  and  the  final  steady-state  condition  in  the  circuit  shown,  for  the  numerical 
values  and  waveform  assumed  in  the  example 
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Air  samples  drawn  from  each  protected 
space  in  a  ship  are  examined  hy  a  smoke¬ 
detecting  unit  containing  a  self-generating 
photoelectric  cell  and  a  light  source 


IVDDITION  of  photoelectric  smoke- 
jP^detecting  apparatus  to  the 
Rich  system  for  detecting  smoke  by 
sight  and  smell  provides  for  ships 
at  sea  an  automatic  fire  alarm  sys¬ 
tem  comparable  in  speed  and  effec¬ 
tiveness  to  the  finest  modern  in¬ 
stallations  in  buildings. 

Air  samples  from  each  space  pro¬ 
tected  by  the  automatic  Rich-Audio 
system  are  drawn  through  indi¬ 
vidual  pipe  lines  to  the  detecting 
cabinet,  usually  in  the  wheelhouse, 
by  an  exhaust  fan.  The  pipe  outlets 
are  positioned  in  concentrated 


beams  of  light  that  illuminate 
smoke  particles  and  provide  visual 
detection.  The  air  samples  are  dis¬ 
charged  into  the  wheelhouse,  so  that 
smoke  will  also  be  detected  by  smell 
when  present 

Each  pipe  line  is  provided  with 
an  automatically  controUed  solenoid 
valve  that  momentarily  diverts  the 
air  sample  to  a  long  tube  for  photo¬ 
electric  observation.  A  light  beam 
is  directed  through  this  tube  to  a 
photovoltaic  cell  connected  to  a 
meter-type  relay,  as  shown  above. 

A  motor-driven  selector  switch 


energizes  one  valve  after  another 
at  four-second  intervals,  and  drives 
a  number-wheel  indicating  which 
line  is  being  diverted  at  any  in¬ 
stant.  If  no  smoke  is  present,  the 
number  changes  and  another  line  is 
diverted  for  photoelectric  inspec¬ 
tion.  Smoke  causes  operation  of  the 
alarm  signals  and  stops  the  selec¬ 
tor  switch  so  the  number  remains 
on  the  control  panel  to  indicate  the 
source  of  the  smoke.  Controls  can 
be  adjusted  to  compensate  for  dust 
on  the  lens,  mirror  or  photoelectric 
cell  surface. 


Nuiiib«r*d  pip*  outlets  ia  th*  tniok*-d*t*ctiBg  cobiaet  show 
the  ship's  oiiic*r  at  a  glaoc*  which  space  is  afire  when  th* 
photoelectric  cell  sets  off  th*  automatic  alarm  in  th*  Rlch- 
A'jdie  ilr*-4l*t*cting  system  mad*  for  ship  us*  by  Walter 
Kidd*  &  Co»  Inc.,  of  New  York 


Smoke-detecting  cabinet  with  front  panel  removed  to  show 
pipes  going  to  varioiu  parts  of  a  ship.  Th*  lamps  under  th* 
pipes  moke  faint  smoke  visible  in  windows  under  the  numbers 
in  th*  pip*  outlets,  and  th*  large  lamp  at  bottom  center  pro¬ 
vides  light  for  th*  photoelectric  cell 
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Filament  and  Heater 


Mathematical  analysis  of  volt-ampere  characteristics  of  various  filament  metals.  Resulting 
equations  are  plotted  as  a  reference  chart  that  gives  filament  current,  temperature  and 
wattage  for  any  electron  tube  at  various  operating  voltages  with  good  accuracy 


Frequently  in  the  design  and 
application  of  electron  tubes 
it  is  necessary  to  predict  the  value 
of  filament  current  and  possibly 
also  the  filament  temperature  when 
the  applied  filament  voltage  devi¬ 
ates  from  the  normal  or  rated 
value.  Such  an  instance  occurs 
when  two  or  more  filaments  having 
different  volt-ampere  characteris¬ 
tics  are  operated  in  series  and  it  is 
required  to  predict  the  voltage 
variation  across  each  individual 
filament  with  respect  to  the  supply 
voltage  variation.  The  solution  of 
this  problem  requires  a  knowledge 
of  the  volt-ampere  characteristic  of 
each  filament  The  voltage  across 
each  filament  can  then  be  deter¬ 
mined  for  any  arbitrary  assumed 
current  value.  If  appropriate  cur¬ 
rent  values  are  chosen,  a  curve  of 
each  individual  tube  voltage  versus 
the  supply  voltage  can  be  con¬ 
structed. 

A  knowledge  of  the  individual 
volt-ampere  characteristics  over  the 
required  range  may  not  be  readily 
available  unless  it  has  previously 
been  experimentally  determined.  It 
is  the  purpose  of  this  paper  to  indi¬ 
cate  a  method  of  constructing  the 
volt-ampere  characteristic  if  the 
current  is  known  for  at  least  one 
operating  voltage.  The  knowledge 
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of  this  point  enables  the  current  to 
be  predicted  at  a  new  operating 
voltage  with  good  accuracy  provid¬ 
ing  the  change  in  voltage  is  within 
approximately  :t:25  percent  of  the 
known  voltage.  The  same  analysis 
will  also  permit  the  determination 
of  the  value  of  watts  and  tempera¬ 
ture  in  terms  of  the  known  operat¬ 
ing  condition. 

■otic  niain«Rt  EqaatioRS 

In  order  to  illustrate  the  method 
of  transposing  the  operating  condi¬ 
tion  of  a  filament,  the  two  basic 
equations  involved  in  the  design  of 
filaments  and  heaters  for  electron 
tubes  will  be  considered. 

The  first  equation  is: 

W  =  KiT^ 
where 

W  =  power  radiated  in  watte 

Ki  «  constant  of  proportionality,  which 
includes  the  area  of  the  emitter 

T  »  tempowture  in  degrees  Kelvin 

n«  =  an  exponent  which  is  reasonably 
constant  for  a  given  metal  over  a 
limited  range  of  temperature. 

The  second  equation  is: 

W  =  P/R  =  PR 


TABLE  1. 

VALUES  OF  EXPONENTS  FOR  FOUR  RLAMENT  METALS 

Maiwial 

Tamp. 

Ha 

Sn. 

8 

^  •> 

Tuntslaa‘. 

....  1000°K 

5.65 

1.80 

Mr 

1.65 

ll»  +  Hr 

0.650 

Ow  +  Hr 

0.898 

Tuntstaa^.  . . 

.  SOOOK 

4.93 

1.19 

1.61 

0.618 

0.387 

Twiflslta‘. ....... 

Molybdauam* - 

.  t500<K 

4.66 

1.80 

1.59 

0.590 

0.341 

.  lOOOK 

5.38 

1.15 

1.64 

0.645 

0.309 

Molybdanum*. . . . 

.  fOOO<K 

4.99 

1.15 

1.63 

0.685 

0.386 

Taatolaiii* . 

.  ISOO'K 

4.80 

0.785 

1.78 

0.780 

0.358 

TaitialaaH . 

.  S800K 

4.80 

0.785 

1.78 

0.780 

0.358 

NIckal . 

.  1000*K 

4.65* 

0.68** 

1.76 

0.764 

0.379 

*  Values  by  differmt  invcstisatois  range  from  4.65  to  5.89. 
**  Estimated  from  experimental  data  on  nickel. 


where 


E  »  applied  filament  voltage 
R  ~  resistance  of  the  filament,  which  is 
in  general  a  function  of  temperature 
I  »  filament  current 

In  order  to  solve  Eq.  (1)  and  (2) 
let 

R^ 

where 

Kt  ^  sl  constant  of  proportionality 
n,  an  exponent  which  may  be  regarded 
constant  over  a  limited  temperature 
range. 

Solutions  of  Eq.  (1),  (2)  and  (3) 
for  W,  I,  and  T  in  terms  of  E 
yield  :* 

2n»  2n, 


IT  =  A',^  K,  K, )  +  »*r  ^  ^  n,  +  n, 

n»  —  Hr  2 


Thus,  when  using 

Wm,  /.,  T.,  E, 

and  W„  /„  r„  Em  as  the  known  and 

unknown  conditions 

respectively, 

Eq.  (4),  (6)  and 

(6)  may  be 

written : 

2n« 

(7) 

(8) 

(9) 

UtR  of  Average  Valaes  for  Expenests 

Values  for  n,  have  been  deter¬ 
mined  for  some  of  the  more  com¬ 
mon  metals,  and  are  given  in  Table 
I.  The  exponent  n,  includes  the 
change  of  total  emissivity  with  tem¬ 
perature.  Since  the  total  emissivity 
of  metals  increases  with  tempera¬ 
ture,*  the  Stefan-Boltzmann  law  of 
radiation  requires  that  n«  be 
greater  than  four.  For  materials 
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FUmmuI 

TABLE  II.  MEASURED  AND  CALCULATED  DATA  ON  TYPICAL  TUBE  SAMPLES 

Rated  Volteia  Radactd  VoRata  InaaaMd  Voltefa 

1 

Tvp* 

•r 

el 

I..Ob- 

1.x  Ob- 

l.iCalc. 

%D«ar- 

IxlOb- 

1x1  Calc. 

%Dilfa>- 

Nwa^ 

HMtar 

EaiNtef 

E,. 

tarvad 

E.i 

larvad 

(real  Fig.  1 

aeca 

Ext 

taived  Itom  Fig.  1 

anca 

tOSA 

TV-W 

10.0 

3.M 

7.S 

1.71 

1.74 

+0.7 

11.S 

3.70 

3.76 

+1.6 

MIA 

FUmmM 

Tli-W 

7.S 

1.11 

S.61 

1.0S 

1.01 

-0.3 

9.31 

1.41 

1.40 

-1.4 

M7 

CaMiod* 

Oalda 

6.3 

0.«7 

4.71 

0.74 

0.73 

-1.4 

7.M 

0.99 

1.00 

+1.0 

t19 

Fllftwl 

Tfc-W 

10.0 

S.OO 

7.S0 

4.11 

4.10 

+1.S 

11.S 

S.M 

S.71 

-1.4 

•IS 

Catfied* 

Oiida 

6.3 

1.6S 

4.71 

1.39 

1.37 

-1.4 

7.01 

1.9« 

1.M 

+0.S 

•M 

FSwiMit 

Tli-W 

7.S 

4.00 

S.61 

3.3S 

3.34 

-0.3 

9.31 

ASS 

4.99 

+0.7 

•SSA 

FilwMIlt 

Tfc-W 

10.0 

10.10 

7.S 

•.SO 

0.44 

-0.7 

11.  SO 

11.60 

11.S6 

-0.3 

•M 

CtOiodt 

.  OiMa 

t.s 

S.OS 

1.»t 

4.11 

4.1S 

+0.7 

3.13 

S.7S 

S.70 

-t-O.S 

•«1 

FHtnii< 

TWW 

11.0 

10.0S 

•.IS 

•.30 

•.40 

+0.1 

13.7S 

11.S0 

11.S0 

0 

•M 

FMmmmI 

OaMa 

t.s 

S.OO 

1.S7 

4.03 

4.10 

+3.7 

3.13 

S.M 

s.71 

-1.4 

913 

Cali>d« 

Oaida 

6.3 

0.600 

4.71 

0.S04 

O.SOl 

-0.4 

7.M 

0.61S 

0.697 

+0.3 

1616 

Fllinwl 

OiMa 

t.S 

4.90 

1.17 

3.97 

4.10 

+3.3 

3.13 

S.73 

S.61 

-1.1 

16t4 

FHinat 

Oaida 

f.S 

i.as 

1.17 

1.47 

1.S3 

+4.1 

3.13 

1.11 

1.09 

-1.4 

W50 

Caiiud« 

OaWa 

6.3 

0.S7S 

4.71 

0.409 

0.441 

t1.6 

7.0S 

0.6S7 

0.6S7 

0 

MSI 

Calkod* 

Oaida 

6.3 

0.60S 

4.71 

0.S1S 

0.S06 

-1.0 

7.00 

0.6R9 

0.693 

^-0.6 

•OfS 

FlUaMtd 

Tli-W 

6.3 

1.94 

4.71 

1.6S 

1.61 

-1.4 

7.S0 

1.19 

1.11 

+1.4 

9001 

C«Miod« 

Oaida 

6.3 

0.1  S7 

4.71 

0.1 3S 

1.31 

-3.0 

IM 

0.177 

0.179 

+1.1 

1T4 

Flliurt 

Oaida 

1.4 

O.OSIS 

1.0S 

0.043 

0.044 

+1.3 

1.7S 

0.0613 

0.0600 

-1.1 

fiSK7 

Cilhodi 

Oaida 

6.3 

0.310 

4.71 

1.61 

1.S9 

-0.0 

7.00 

0.3S1 

0.3S9 

+0.9 

6SS7 

C«diodt 

Oaida 

6.3 

0.1  SO 

4.71 

0.119 

1.1S  ■ 

-3.1 

7.0S 

0.170 

0.171 

+1.1 

1tA6 

CaltMda 

Oaida 

11.6 

0.1  S6 

9.4S 

0.134 

1.30 

-3.0 

1S.7S 

0.177 

0.179 

+0.6 

•API 

Cailiod« 

Oaida 

6.3 

0.S9S 

4.71 

O.SOl 

0.490 

-1.0 

IM 

0.669 

0.6M 

+1.7 

5  to  10  percent.  In. order  to  insure 
satisfactory  operation  initially  and 
throughout  the  expected  life  of  the 
tube,  the  tube  manufacturer  usu¬ 
ally  specifies  the  percentage  the  ap¬ 
plied  filament  voltage  may  be  al¬ 
lowed  to  deviate  from  normal.  This 
voltage  deviation  is  usually  of  the 
!  order  of  itS  percent  for  the  thori- 
ated-tungsten  type  emitters  and 
:+:10  percent  for  the  oxide-coated 
filament  or  heater-cathode  types.  It 
I  becomes  apparent  that  for  series 
I  operation  of  the  filament  or  heaters 
!  the  supply  voltage  variation  needs 
careful  consideration  in  order  to  in¬ 
sure  that  the  individual  filament 
voltage  tolerances  are  not  exceeded 
I  on  either  T,  or  T,. 

If  T,  and  T*  are  both  high  or 
-  both  low  filament-current  tubes, 

'  no  problem  exists  since  the  volt- 
ampere  characteristics  are  substan¬ 
tially  identical  (i.e.,  they  have  the 
same  currents  for  the  same  applied 
voltage).  Only  the  combination 
needs  to  be  considered,  where  one 
has  the  higher  limit  value  and  the 
other  has  the  lower  limit  value  of 
I  filament  current. 

Dvtcrmiiiiiig  Pcrmissibl*  Filament 
Voltage  Variatiees 

I 

I  As  a  specific  problem,  assume  the 
filament-current  tolerance  to  be 
rt:5  percent  and  let  it  be  required 
to  determine  the  permissible  varia¬ 
tion  of  supply  voltage  without  ex¬ 
ceeding  an  individual  tube  voltage 
=  range  of  ±10  percent.  This  prob- 
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lem  frequently  arises  in  the  design 
of  mobile  transmitters  when  the 
filament  or  heaters  are  operated  in 
series. 

The  bogie  or  normal  volt-ampere 
characteristic  BKE  of  Fig.  2  may 
then  be  constructed  from  Eq.  (10). 
For  Tu  the  5  percent  high  filament- 
current  tube,  the  equation  of  the 
volt-ampere  characteristic  is 


Curve  AJD  can  be  constructed  from 
this  equation. 

Similarly  for  T„  the  low  filament- 
current  tube,  the  equation  is 

(/,/7.)  =  0.95  (£,/£.)«  «  (14) 

which  id  represented  by  the  curve 
CLF  in  Fig.  2. 

An  arbitrary  current  may  then 
be  assumed  in  order  to  determine 
the  individual  voltage  across  tubes 
r,  and  T,.  The  supply  voltage  is 
represented  by  the  sum  of  the  volt¬ 
ages  across  T,  and  T*.  If  Ti  (the 
high  filament-current  tube)  has 
the  minimum  permissible  voltage 
0.9  E,  represented  by  point  A,  tube 
T,  (the  low  filament-current  tube) 
will  have  a  voltage  represented  by 
point  O.  The  sum  of  the  two  volt¬ 
ages  at  points  A  and  O  represents 
the  minimum  permissible  supply 
voltage  consistent  with  the  previous 
imposed  condition  of  ±5  percent 
filament-current  tolerance  and  ±10 
percent  individual  voltage  toler¬ 
ance. 


,  In  a  similar  manner  the  maxi¬ 
mum  voltage  1.1  E,  that  can  be  ap¬ 
plied  to  r„  the  low  filament-current 
tube,  is  represented  by  point  F,  and 
the  voltage  on  Ti,  the  high  filament- 
current  tube,  by  point  G.  The  sum 
of  the  voltages  at  points  G  and  F 
gives  the  maximum  permissible 
supply  voltage.  The  nominal  sup¬ 
ply  voltage  is  twice  the  nominal 
tube  voltage  or  2  E,  since  it  was 
assumed  the  nominal  voltage  rat¬ 
ings  of  Tt  and  T,  were  identical. 
The  maximum  permissible  percent¬ 
age  of  supply  .voltage  deviation  may 
then  be  calculated  directly  from  the 
graphical  analysis.  This  solution 
indicates  supply  voltage  toler¬ 
ance  of  -1-1.7  percent  and  —2.0  per¬ 
cent. 

It  is  interesting  to  note  that  the 
distance  A  to  P  represents  the  max¬ 
imum  permissible  range  of  supply 
current.  This  suggests  that  if  the 
supply  voltage  cannot  be  main¬ 
tained  within  the  required  limits,  a 
series  ballast  tube  whose  current  is 
maintained  within  the  range  A  to 
P  might  be  used  to  permit  a  larger 
variation  in  the  supply  voltage.  The 
use  of  the  ballast  tube  would  of 
course  require  an  increased  supply 
voltage  in  order  to  supply  the  re¬ 
quired  voltage  drop  of  the  ballast 
tube. 

An  alternative  solution  to  per¬ 
mit  w’ider  supply  voltage  tolerances 
consists  in  shunting  the  low  fila¬ 
ment-current  tube  w’ith  a  resistor. 
This  resistor  is  adjusted  until  both 
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having  an  emissivity  independent 
of  temperature  the  value  will  be 
four.  The  value  of  n,  for  some  met- 
tals  at  different  temperatures  is 
also  given  in  Table  I.  These  limited 
data  indicate  n,  ranges  from  0.6 
to  1.2. 

If  Wi  and  the  watts  radiated 
at  temperatures  T*  and  T,  are 
known,  then 

^  io*.(Ti/ro 

In  a  like  manner,  if  and  Rt  are 
the  resistances  at  temperatures  Ti 
and  Ta,  then 
log  (ft/ft)  ’ 

^  log  (Ti/Tt 

These  permit  an  experimental 
check  of  the  values  of  n«  and  n,  if 
two  sets  of  operating  conditions 
are  known. 

Table  I  also  gives  the  value  of 
(n,  —  n,)/(n,  +  n,).  It  will  be 
noted  that  it  ranges  from  0.59  to 
0.76.  It  is  now  of  interest  to  see 
what  error  results  in  using  an  aver¬ 
age  value  of  this  exponent  in  Eq. 
(8).  A  voltage  ratio  E,/E,  of  1.25 
will  be  taken  as  the  maximum  volt¬ 
age  for  which  Eq.  (8)  is  to  be  used. 
If  the  exponents  0.59  and  then  0.76 
are  used,  the  respective  values  of 
current  ratio  /,//,  are  1.140  and 


1.185  or  a  deviation  of  only  ±1.9 
percent  from  the  mean  value. 


Plettiag  th*  Chart 

It  is  evident  therefore  that  an 
average  exponent  can  be  chosen 
which  applies  to  all  the  metals  in 
Table  I,  and  in  general 


(Q-ar- 


<  1.25 
(10) 


is  true  to  suflScient  accuracy  for 
most  engineering  purposes.  This 
equation  has  been  drawn  as  the 
current  curve  for  the  chart  in 
Fig.  1. 

It  can  further  be  shown  that  the 
accuracy  involved  in  assuming 
2n,/(n.  -f  fir)  =  1.61  and  2/  (n,  -1- 
n,)  =  0.327  is  even  greater  than  for 
the  case  just  discussed.  Then 


These  equations  are  plotted  in 
Fig.  1. 

In  order  to  check  Eq.  (8)  and 
Fig.  1,  data  were  taken  for  a  wide 
variety  of  electron  tubes.  It  will  be 
noted  from  Fig.  1  and  Table  II  that 
the  calculated  values  of  current 
deviate,  in  general,  by  less  than  ±4 


FIG.  2— Volt*omp«r*  chaiacterkitici  for  Mrios  operatioii 
of  fUamonto  or  hootorg  haring  difforont  choraetorigtics 


percent  from  the  measured  val¬ 
ues.  We  can  conclude  from  this 
that  Fig.  1  is  generally  applicable 
to  all  types  of  electron  tubes  for 
the  specified  range  of  •{EJE,)* 
Some  samples  of  the  use  of  this 
curve  will  now  be  given. 

Example  1.  The  type  RCA-826 
has  a  thoriated-tungsten  filament 
rated  at  7.5  volts  and  4  amperes. 
What  will  be  the  filament  current 
at  5.62  volts  (75  percent  of  rated 
voltage)  ?  Tracing  up  from  75  on 
the  horizontal  scale  in  Fig.'  1  to  the 
current  curve,  and  then  across, 
gives  83.8  percent.  The  new  fila¬ 
ment  curve  is  then  0.838  X  4  =  3.35 
amperes.  By  actual  measurement 
the  current  was  found  to  be  3.34 
amperes.  While  no  temperature 
measurements  were  made  at  this 
voltage  one  would  expect  the  tem¬ 
perature  to  decrease  to  91  percent 
of  its  rated  value  in  degrees  Kelvin. 

Example  2.  An  oxide-coated  cath¬ 
ode  has  a  temperature  of  1000  deg. 
K  when  the  heater  is  operated  at  5 
volts.  What  voltage  will  be  re¬ 
quired  to  increase  the  temperature 
to  1060  deg.  K?  From  Fig.  1,  when 
T,/T,  =  1.06  one  finds  EJE,  = 
1.19  or  E.  =  5  X  1.19  =  5.95  volts. 
The  heater  voltage  was  found  to  be 
6.0  volts  when  determined  experi¬ 
mentally.  If  the  voltage  had  been 
increased  to  7  volts,  then  E,/E,  = 
1.4  and  T./T.  =  1.118  or  T.  =  1118 
deg.  K.  Actual  measurements  indi¬ 
cated  the  temperature  to  be  1135 
deg.  K. 


Two  Filamontt  ■■  Sorios 

In  order  to  examine  the  opera¬ 
tion  of  filaments  or  heaters  in 
series,  let  two  tubes  Ti  and  Tt,  hav¬ 
ing  the  same  nominal  voltage  rat¬ 
ing,  be  connected  in  series  to  a 
power  supply  E,  (see  Fig.  2).  In 
general  the  filaments  of  tubes  T, 
and  Tt  may  have  different  volt- 
ampere  characteristics.  Such  dif¬ 
ferences  may  be  due  to  the  indi¬ 
vidual  variation  of  filament  current 
when  read  at  a  specified  or  rated 
voltage.  These  variations  of  fila¬ 
ment  currents,  which  are  expected 
and  normal,  result  from  the  neces¬ 
sary  manufacturing  tolerances  on 
both  materials  and  processes. 

The  usual  filament  current  toler¬ 
ance  on  receiving  and  the  smaller 
transmitting  tubes  whose  filaments 
or  heaters  might  be  operated  in 
series  is  generally  of  the  order  of 
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tubes  have  substantially  the  same 
filament  voltage.  This  method  is  es¬ 
sentially  one  of  shifting  the  oper¬ 
ating  point  on  the  volt-ampere  char¬ 
acteristic  of  the  low  filament-cur¬ 
rent  tube  and  resistor  until  at  nor¬ 
mal  supply  voltage  it  coincides  with 
that  of  the  high  filament-current 
tube.  This  method  does  not,  how¬ 
ever,  make  the  volt-ampere  charac¬ 
teristics  identical  and  therefore 
never  can  permit  a  percentage  sup¬ 
ply-voltage  change  equal  to  the  per¬ 
mitted  percentage  of  individual 
filament  voltages.  In  order  to  sim¬ 
plify  adjustments,  adjustable  re¬ 
sistors  are  frequently  used  across 
both  filaments. 

^•■•raliscd  Solatios  for  Tabes  ia 
Series 

The  method  of  the  solution  of  two 
tubes  in  series  may  be  generalized 
for  Nu  tubes  having  high  filament 
currents  in  series  with  Ni  tubes 
having  low  filament  currents,  as 
shown  in  Fig.  3.  Let 

m  =  percentage  filament-current 
tolerance 

p  =  permissible  percentage  tol¬ 
erance  of  individual  applied 
voltage 

The  volt-ampere  characteristic  of 
a  limit  tube  is  expressed  by 


MIN.  PERMISSIBLE 
TUBE  VOLTAGE - 


But  since  EJE,  for  the  limiting 
condition  of  maximum  voltage  on  a 
low  filament-current  tube  is  equal 
to  (100  -1-  p)/100,  Eq.  (15)  may  be 
re-written  for  a  low  filament-cur¬ 
rent  tube  as 

(1,\  /lOO -I- p\»^V100  -  m\ 


(l.\  _ /lOO -I- /lOO  -  m\ 

V/./max.  “V  m  )  V  100  y 

(16) 

where  /,//,  is  the  maximum  permis¬ 
sible  supply  current  when  at  least 
one  each  of  limit  values  of  high  and 
low  filament-current  tubes  are  op¬ 
erated  in  series.  Similarly,  the  min¬ 
imum  permissible  current  is  given 
by 

//.\  _  /lOO  -  p\«^i 

V/./  min.  “  V  100  /  V  100  / 

^  (17) 

Equations  (14)  and  (16)  form  the 
basis  for  calculating  the  current  re¬ 
quirements  imposed  upon  a  series 
ballast  tube  should  one  be  used. 

The  values  of  current  given  in 
Eq.  (16)  and  (17),  when  substi¬ 
tuted  in  the  appropriate  equations 
for  the  volt-ampere  characteristics, 
give  the  voltage  at  points  G  and  O 
respectively  as 

and 

(■»> 

The  value  of  {EJE,)  given  in 


MAX.  PERMISSIBLE 
■  TUBE  VOLTAGE 
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p  =  MAX.%OF  FILAMENT- 
I  VOLTAGE  DEVIATION 
I  iii  =  MAX.'fcOF  FILAMENT- 
'  CURRENT  TOLERANCE 

I  AT  RATED  VOLTAGE 

I  I.frFILAMENT  CURRENT 


Eq.  (18)  represents  the  voltage 
across  a  high  filament-current  tube 
at  the  maximum  permissible  supply 
voltage,  while  the  value  given  in 
Eq.  (19)  represents  the  voltage 
across  a  low  filament-current  tube 
at  the  minimum  permissible  supply 
voltage.  The  sum  of  Nn  voltages 
given  in  Eq.  (18)  -t-  Nl  voltages  of 
the  value  (100 -f  p)/100  gives  the 
maximum  supply  voltage  or 


In  a  like  manner  the  minimum  sup¬ 
ply  voltage  is 

/100-|-mV-“T „  /100-p\ 

(lOO^)  J+'^-V-iOO-)  ^21) 

The  percentage  of  supply  voltage 
tolerance  becomes 
%  Et  above  normal  » 

r.,  r/ioo+p\/ioo-mV‘*i 


[>\  /lOO-  mV**"! 

'  Al00  +  m>/  J 

Sa  +  Nl 
'100_+_p\  'I 

.  100  /  ,  I  100 


FIG.  3 — Generalized  solution  for  any  number  of  tubes  in 
some  havin9  hi^h  and  some  low  filament  current 


[i^)( 


%  E,  below  normal  “ 

^[(^0(1^:)'“] 

1  “■  Na  +  A’t 

,  .  /100-p\  'I 


Equations  (22)  and  (23)  were  de¬ 
rived  on  the  premise  that  at  least 
one  tube  of  the  group  had  a  fila¬ 
ment  current  (100 m)/100  times 
rated  value  and  at  least  one  other 
had  (100  —  m)/100  times  rated 
value.  This  premise  imposes  the 
condition  that  both  Na  and  Nl  must 
be  different  from  zero  in  Eq.  (22) 
and  (23).  If  either  Na  or  Nl  is 
zero,  the  solution  is  simple  as  all 
possess  the  same  volt-ampiere  char¬ 
acteristic.  The  permissible  supply 
voltage  percentage  deviation  is  p. 

Application  to  Univorsal  Rocoivors 

It  is  common  practice  in  the  de¬ 
sign  of  a-c/d-c  sets  in  which  the 
filaments  or  heaters  are  connected 
in  series  to  use  tubes  that  have  dif¬ 
ferent  values  of  rated  filament  volt¬ 
age.  The  analysis  of  this  condition 
can  be  reduced  to  an  expression 
similar  to  Eq.  (22)  and  (23)  ex¬ 
cept  that  Na  and  Nl  must  include 
the  equivalent  number  of  respective 
tubes  in  terms  of  the  lowest  nom- 

/ 'ZZ 'tk/l 


FIG.  1 — Bo^  pow«r-diTidio9  circuit 
(oboTe.  with  transmission  linos  rop- 
rosonted  by  R).  and  actual  circuit 


FIG.  2 — Cosino  toIuos  for  finding  L  ond 
C  are  at  intorsoction  of  curro  with  lino 
for  dosirod  current  ratio 


FIG.  3 — diagrams  show¬ 
ing  that  >  Input  of  circuit  is 
alwoys  constant  and  rosisfiTo 


Antenna  POWER  DIVIDER 


Chart  facilitates  finding  correct  values  of  L  and  C  for  any  desired  division  of  currents  in 
a  two-element  broadcast  array,  with  constant  phase  shift  and  constant  resistive  input 


ChieJ  Engineer,  Station  Kl'EC 
San  Lute  Obispo,  Calif. 


A  SIMPLE  power  divider  for  a  two- 
element  broadcast  antenna  ar¬ 
ray  can  be  built  from  the  basic  cir¬ 
cuit  shown  in  Fig.  1.  Here  resis¬ 
tors  R  represent  actual  measured 
values  of  characteristic  impedance 
for  the  two  transmission  lines  and 
must  be  equal,  while  L  and  C  are 
variable  and  allow  for  any  power 
division  desired.  As  long  as  the  cor¬ 
rect  relationships  are  maintained, 
the  input  impedance  will  be  resis¬ 
tive  and  of  a  constant  value,  and 
most  important,  the  phase  shift  be¬ 
tween  lines  will  remain  constant. 
This  means  that  the  operator  can 
vary  tower  current  without  having 
to  change  phasing  adjustments. 

The  required  relationships  are 
that  X,.Xc  always  be  equal  to  R* 
and  that  Za/Z^  always  be  equal  to 
the  current  ratio  K,  which  is  equal 
to  the  square  root  of  the  power 
ratio. 

By  means  of  the  chart  in  Fig.  2 
it  is  possible  to  observe  these  rela- 


is  1000  kc,  current  ratio  is  3/1  and 
R  is  230  ohms.  For  a  current  ratio 
of  3/1,  the  chart  gives  a  value  of 
0.950  for  cos  A,  and  a  trig  table  is 
then  used  to  find  tan  A  =  0.3284. 
Similarly,  cos  B  =  0.312  and  tan 
B  =  3.044.  Substituting  in  X.,  =  R 
tan  .4,  Xa  =  230  x  0.3284  =  75.51 
ohms.  Similarly,  X,  =  230  X  3.044 
=  700  ohms.  Allowing  X*  to  be  ca¬ 
pacitive,  C  =  1/6.28  X  1,000,000  X 
700  =  227.5  iifii.  X^  is  then  induc¬ 
tive,  and  L  =  75.51/6.28  x  1,000,- 
000  =  12  fih.  The  alternate  solution 
with  X„  capacitive  and  X*  inductive 
gives  C  =  0.0021  fif  and  L  =  111.4 


tionships  automatically  and  find 
quickly  the  values  of  X,  and  Xc  for 
any  current  ratio  desired.  The 
chart  gives  the  cosine  value  for  each 
series  circuit.  From  this,  the  angle 
and  its  tangent  can  be  found  in  a 
trig  table,  and  the  reactance  value 
of  each  branch  computed  from 
X^  =  R  tan  A  and  X«  =  R  tan  B. 
Knowing  the  operating  frequency, 
L  and  C  are  computed  from  L  = 
X,/2zf  and  C  =  l/27:/X,. 

Usually  it  is  best  to  let  cosine  B 
be  negative  so  that  branch  B  is  ca¬ 
pacitive.  This  allows  for  smaller 
units,  but  the  capacitor  must  with¬ 
stand  fairly  high  voltage.  In  the 
case  of  high  power  it  might  be  bet¬ 
ter  to  let  cosine  B  be  positive  so 
its  circuit  is  inductive.  This  will 
call  for  larger  units,  but  the  capaci¬ 
tor  will  not  have  to  withstand  such 
high  voltage. 

Example:  Operating  frequency 


The  vector  diagrams  in  Fig.  3 
cover  three  different  current  ratios. 
Note  that  when  the  tw’o  current  vec¬ 
tors  are  added  in  each  case,  their 
sum  is  alw’ays  the  same  and  is  along 
the  reference  axis.  This  show’s  that 
the  input  of  this  power-dividing 
netw’ork  is  alw’ays  resistive  and  of 
constant  value. 
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New  Enemy  Radio 


Analysis  of  Carman  and  Japanese  aircraft  radio  sets  manufactured  in  1943,  with  details 
of  new  Japanese  Model  99  Type  3  aircraft  command  set.  Current  enemy  production 
shows  distinct  improvements  over  earlier  models,  with  no  apparent  shortages  of  materials 


This  FuG  16Z  German  aircraft  radio  command  set  is  diTided  into  fire  indiTidual 
magnesium  alloy  castings  fitted  together  by  means  of  dowel  pins  and  elec¬ 
trical  plugs  and  lacks 


UP  to  the  present  time,  the  gen¬ 
eral  consensus  has  been  that 
German  and  Japanese  radio  equip¬ 
ments  are  poor  in  construction,  poor 
in  performance,  heavy  in  weight 
and  hard  to  service.  While  this  may 
have  been  true  in  older  and  obsolete 
radio  equipment,  it  definitely  does 
not  hold  true  now.  Newer,  modern 
types  of  enemy  radio  equipment 
have  long  replaced  the  obsolete  sets. 
Also,  the  latest  1943  sets  show  dis¬ 
tinct  improvement  over  the  same 
models  manufactured  in  1941  and 
1942  with  no  substitution  of  critical 
materials  whatsoever. 

Garmon  Eqnipmont 

German  aircraft  radio  equip¬ 
ment  is  characterized  by  excellent 
mechanical  design,  standardization 
for  mass  production  and  extensive 
use  of  magnesium  alloy  die  cast¬ 
ings,  only  about  64  percent  as  heavy 
as  aluminum.  Each  tube  utilized  in 


the  construction  of  a  receiver  has 
been  enclosed  in  a  separate  com¬ 
partment  of  the  die  casting  for 
shielding  purposes.  The  castings 
are  fitted  together  by  means  of 
dowel  pins  and  electrical  plugs  and 
jacks.  One  receiver  may  consist  of 
as  many  as  four  separate  castings 
fitted  together.  In  the  event  one 
section  is  faulty,  it  may  be  quickly 
replaced  by  a  duplicate  section. 

Of  the  31  tubes  used  in  one  com¬ 
plete  German  radio  set,  only  two 
different  types  are  used ;  25  receiv¬ 
ing  tubes  Type  RV12P2000  and  6 
transmitting  tubes  Type  RL12P35. 
This  standardization  may  sacrifice 
some  efficiency  by  using  a  pentode 
tube  for  a  diode  or  triode,  but  it 
simplifies  servicing  and  means  few¬ 
er  replacement  part  requirements 
in  the  field. 

All  important  units  in  German 
equipment  are  readily  detachable 
from  their  mounting  frames  for 


servicing  or  replacement,  connec¬ 
tions  being  made  through  multi¬ 
point  plugs  and  sockets.  All  air¬ 
craft  equipment  is  supplied  with 
voltages  from  24  to  28- volt  dyna- 
motors,  driven  from  the  main  air¬ 
craft  battery  and  generator.  All 
microphones  used  are  of  the  throat 
type,  leaving  the  wearer’s  mouth 
free  for  oxygen  equipment. 

The  characteristics  of  German 
tubes  are  expressed  by  their  nomen¬ 
clature.  Thus  in  the  type  RL12P35 
tube  R  stands  for  the  German 
word  Rohren,  or  tube;  L  is  an  ab¬ 
breviation  of  the  German  word 
Leistungs,  meaning  power;  12  is 
the  filament  voltage  in  volts ;  P  sig¬ 
nifies  pentode;  and  35  indicates  the 
overall  dissipation  of  the  tube  in 
watts  (plate  dissipation  here  is 
30  watts  and  screen  dissipation  is 
5  watts).  For  Type  RV12P2000 
high-frequency  pentode  receiving 
tube,  R  means  Rohren  or  tube;  V 
stands  for  Ver Starker  or  amplifier 
type  tube;  12  signifies  the  filament 
voltage ;  P  indicates  a  pentode ;  and 
2000  represents  the  transconduc¬ 
tance. 

Low  temperature  coefficient  in¬ 
ductors  and  capacitors  are  used  to 
insure  frequency  stability  since  no 
crystals  are  used.  German  labora¬ 
tories  have  done  considerable  re¬ 
search  and  probably  lead  in  the 
field  of  temperature-compensating 
devices  to  maintain  frequency 
stability.  Variable  capacitors  are 
especially  manufactured  for  an  in¬ 
dividual  circuit  to  permit  short  con¬ 
nections.  Steatite  shafts  permit 
stators  to  be  grounded. 

Garmon  FnG  14Z  Sat 

The  German  FuG  16Z  aircraft 
radio  command  set,  first  introduced 
in  1941,  is  now  in  mass  production 
and  is  incorporated  in  practically 
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all  types  of  German  aircraft.  Al¬ 
though  its  primary  function  is  for 
command  purposes  (aircraft  to  air¬ 
craft  voice  communication),  it  is 
also  used  for  air-to-ground  con¬ 
tacts  and  direction  finding.  It 
operates  in  the  frequency  band 
from  38  to  42  Me  and  has  an  output 
of  5  watts.  (The  original  FuG  16, 
designed  in  1935  and  described  in 
April  1944  Electronics,  had  an 
output  of  12.9  watts.)  The  5-watt 
output  is  ample  for  command  pur¬ 
poses  and  prevents  the  signal  from 
being  picked  up  at  great  distances 
by  the  enemy. 

The  effective  range  of  this  latest 
command  set  is  125  miles  at  10,000 
feet  and  250  miles  at  40,000  feet. 
Radiotelephone  emission  is  used. 
The  transmitter  consists  of  an 


Mockup  of  Gonnan 
FuG  16Z  tot  bolng 
oporotod  by  tbo  au¬ 
thor.  Tbit  Mt  wot 
first  introducod  by 
tbo  Gormans  i  n 
1941.  is  now  in 
mats  production, 
and  is  usod  in  prac¬ 
tically  all  typos  of 
aircraft 


electron-coupled  oscillator  with  fre¬ 
quency  doubling  in  the  plate  cir¬ 
cuit,  driving  a  single  amplifier  tube. 
The  transmitter  amplifier  is  grid 
modulated  by  a  single  receiving 


tube  which  is  driven  by  a  stage  of 
speech  amplification.  The  modu¬ 
lator  is  mounted  on  a  separate  cast¬ 
ing  setting  between  the  transmitter 
{Continued  on  page  356) 
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laponoso  Modol  99  Typo  3  aircraft  radio  command  sot  takon 
from  a  piano  that  croshod  in  Kunming,  China  in  Soptombor 


1943.  Dosign.  workmanship  and  porformanco  oro  oxcollont. 
following  Amorican  rathor  thorn  Gorman  construction  practico 
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Power  Efficiency  in  Nonlinear 


Application  of  the  Chaffee  contour-diagram  method  of  analysis  to  the  determination  of 
power  efficiency  in  nonlinear  transmission  systems  with  tubes  operating  as  class  B  or 

.  -4  .  * 

^  '-"  4-  }  class  C  amplifiers.  Practical  examples  are  given 


no.  1 — Powar  trcmsiar  in  a  transmission  chain  connectsd  to  a  nonlinear  source 


The  power  efficiency  of  such 
high-power  devices  as  class  C 
stages  in  radio  transmitters  has  for 
a  long  time  been  a  factor  of  great 
importance.  Lately  the  power  effi¬ 
ciency  of  such  low-power  devices  as 
class  C  operated  ultra-high-fre¬ 
quency  converters  has  been  giv«n 
considerable  thought. 

Both  the  devices  mentioned  have 
one  thing  in  common ;  an  inner  im¬ 
pedance  that  varies  within  wide 
limits.  As  the  inner  impedance  is 
variable,  such .  technical  terms  as 
“conjugate  match”  and  “critical 
coupling”,  used  in  the  class  A 
terminology,  'lose  their  conven¬ 
tional  meaning  and  must  be  re¬ 
placed  by  modified  technical  terms 
or  new  technical  terms. 

hmdamciital  Consideration* 

The  source  connected  to  the 
transmission  chain  in  Fig.  1  may 
represent  an  oscillating  tube  with 
its  supply.  In  its  symbolic  form  the 
source  is  shown  to  have  one  d-c 
part  and  one  a-c  part,  the  former 
delivering  the  d-c  power  P  to  the 
latter,  and  the  latter  delivering  the 


a-c  power  P,  to  the  transmission 
chain. 

In  the  general  case  the  a-c 
source  is  nonlinear.  The  emf  and 
inner  impedance  of  such  a  source 
cannot  with  advantage  be  expressed 
in  simple  mathematical  form,  and 
an  analytical  treatment  of  the 
power  relations  is  therefore  not 
practical  and  may  not  even  be  pos¬ 
sible. 

In  a  special  case  the  source  is 
linear  and  may  then  be  truly  char¬ 
acterized  by  an  emf  E  in  series 
with  an  inner  impedance  Z,  inde¬ 
pendent  of  amplitude.  A  simple 
analytical  treatment  can  now  be 
made  but  is  not  of  much  interest, 
as  linear  operation  is  mostly  used 
when  the  output  power  is  compara¬ 
tively  small. 

As  shown  in  Fig.  1  (a),  the  dc-ac 
generator  feeds  into  a  load  Zt,  via 
a  number  of  transmission  sections 
1,  2,  ....n,  which  are  introduced 
either  to  provide  matching  or  to 
convey  power  from  one  point  to 
another.  A  transmission  section  as 
shown  may  represent  a  trans¬ 
former,  a  link  coupling,  a  feeder,  or 


a  radiation  coupling  to  a  receiving 
device. 

The  power  P,  developed  in  the 
load  is  the  utilized  power.  (All 
power  notations  refer  to  active 
power.)  The  amount  of  power  de¬ 
livered  to  a  particular  section  1,  2, 

. . . .  n  of  the  system,  or  to  the 
load  Zt,,  may  be  calculated  if  the 
proper  input  impedance  Zu,  Z^, 

. . .  .Zlh,  or  Z,.u  is  known  (assuming 
steady-state  conditions).  The  total 
power  at  the  specified  point  is  the 
sum  of  the  component  powers,  a 
component  power  being  the  power 
developed  by  a  particular  frequency 
component. 

Any  specified  output  power  P,.,, 
Pli,  ....  Pi*,  or  P,  is  conveniently 
expressed  as  a  fraction  of  any  spec¬ 
ified  source  power.  Such  a  fraction 
is  known  as  power  efficiency  and 
may  for  practical  purposes  be  de¬ 
fined  as 

specified  active  output  power 

^  specified  active  input  power  '  ' 

Power  efficiencies  may  generally 
be  classified  as  ac-ac  power  efficiency 
tIm  and  dc-ac  power  ei^iency 
(and  in  case  of  rectifying  devices 
ac-dc  power  efficiency  r„i).  For  de¬ 
termination  of  the  power  efficiency 
the  nature  of  each  one  of  the  two 
powers  concerned  must  be  known. 
It  may,  for  example,  be  necessary 
to  know  if  the  output  power  in¬ 
cludes  the  fundamental  component 
only,  or  if  it  includes  all  components 
produced.  In  addition  it  may  be  of 
interest  to  know  how  the  power 
readings  are  related  to  various 
parameters. 

If  the  input  power  P  is  measured 
at  small  amplitudes  and  the  output 
power  P,  measured  at  large  am¬ 
plitudes,  an  error  may  intentionally 
or  unintentionally  be  introduced 
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which  makes  the  measurement  un¬ 
reliable.  In  this  way  boosted  power 
efficiencies  can  be  obtained,  which 
even  exceed  the  limitinsr  values 
given  by  mathematical  analysis, 
based  on  the  assumption  that  and 
P,  refer  to  the  same  amplitude 
value. 

Any  power  efficiency  referring 
to  the  source  and  a  specified  load 
in  a  circuit  may  be  termed  total 
power  efficiency.  Examples  of  total 
power  efficiencies  are  7;,^  and  in 
Fig.  1.  A  total  power  efficiency  may 
be  broken  up  into  one  power  effi¬ 
ciency  for  the  source,  and  one 
power  efficiency  for  each  following 
transmission  section,  t,,,  ....ti,. 


By  HARRY  STOCKMAN 

Cruft  Lab»ratory 
Harvard  University 
Cambridge,  Matt. 


The  total  power  efficiencies  are  then 
computed  as 

“  Vtt  vi  vt  ~  —  ~  (2) 

Viu*  “  ^>*1  Vl  ’ll  —  —  —  —  (3) 

For  X  =  n  the  power  efficiencies  in¬ 
clude  the  entire  system  and  may  be 
referred  to  as  overall  power  effi¬ 
ciencies  Trj,«,  and  This  proce¬ 
dure  is  convenient  as  the  power  effi¬ 
ciency  for  each  one  of  the  trans¬ 
mission  sections  can  be  investi¬ 
gated  and  improved  without  the 
necessity  of  taking  the  circuit  com¬ 
ponents  of  the  rest  of  the  transmis¬ 


sion  chain  into  consideration.  The 
total  power  efficiency  is  maximum 
when  each  tj  figure  involved  is 
maximum. 

It  is  desirable  that  tij,  . . . .  tj, 
be  expressed  in  network  parameters 
for  the  individual  section.  A  trans¬ 
formation  of  the  load  ftnpedance  on 
the  output  side  of  a  section  to  the 
input  side  of  the  same  section  makes 
possible  a  treatment  free  from  volt¬ 
age  and  current  considerations. 
Thus  in  case  of  section  1,  as  re¬ 
drawn  in  Fig.  1(b)  with  the  load 
Zt,  reflected  to  the  input  side  as  Z'u 
m  -  Pu/Pu  --PRe  (Z'u)/P  Re  (Z„) 

111  **  Re  {Z'u)lRe  (Zu)  (4) 

This  method  is  of  special  impor- 


FIG.  2 — Chaiiee  contour  diagram  for  accurate  determination  of  the  operat¬ 
ing  characterietict  of  a  IJV211  tube  when  E,  is  lOOOr  and  Eg  U  —  17St 
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lance  for  matching  sections  employ¬ 
ing  coupled  circuits.  An  applica¬ 
tion  follows. 

Class  A  Applicatiea 

In  the  first  case  to  be  considered, 
the  source  in  Fig.  1  is  a  tube  oper¬ 
ated  in  class  A  with  small  constant 
amplitude.  The  tube  is  treated  as  a 
linear  device.  The  emf  may  be 
sinusoidal  and  have  the  form  e  — 
sin  (lit,  and  the  constant  inner 
impedance  expressed  as  Z  =  + 

jX.  A  simple  derivation  shows  that 
conditions  for  maximum  power 
transfer  require  to  be  the  con¬ 
jugate  quantity  of  Z.  Then 

(Pia)-«  =  ^/4/2  '  (5) 

where  E  =  £7«/\/2.  For  this  con¬ 
dition 

*  Pti/P,  =  50%.  (6) 

Pf  is  here  the  source  of  a-c  power 
(fictitious)  in  the  equivalent  plate 
circuit  for  the  tube  concerned.^  An 
ac-ac  efficiency  of  50  percent  is  the 
theoretical  limit  for  the  conditions 
specified.  The  maximum  dc-ac  effi¬ 
ciency  may  be  much  below  50  per¬ 
cent. 

Traotoiaat  of  Closs  C  Davieas 

The  concept  of  “conjugate  match” 
loses  its  significance  not  only  for 
class  C  operated  tubes,  but  as  well 
for  some  class  B  and  class  A  oper¬ 
ated  tubes,  especially  when  the  ap¬ 
plied  amplitude  is  comparatively 
large.  The  reason  for  the  deviation 
from  the  “conjugate  match”  prin¬ 
ciple  may  be  the  inconstancy  of  the 
plate  resistance,  or  the  fact  that 
matching  to  a  multiple  or  fraction 
of  the  plate  resistance  is  desirable 
rather  than  a  matching  to  the  plate 
resistance  itself.  It  is  well  known 
that  for  some  operation  of  class  A 
and  class  B  amplifiers  the  introduc¬ 
tion  of  an  “optimum  load  imped¬ 
ance”  solves  the  problem  as  far  as 
the  technical  side  is  concerned. 
Thus  the  turns  ratio  and  imped¬ 
ances  of  a  transformer,  when 
matching  a  loudspeaker  to  an  out¬ 
put  tube,  may  be  determined  with 
the  optimum  load  impedance  of  the 
tube  as  the  only  known  tube  design 
I  data.  The  plate  resistance  (or  ra¬ 

ther  average  plate  resistance)  of 
I  the  tube  is  of  no  interest. 

I  In  the  more  extreme  case  of  class 

!  C  operation  of  radio-frequency  am- 

[  plifiers,  the  introduction  of  an  op- 

1  timum  load  impedance  is  not  a  suf¬ 


ficiently  good  solution.  Various 
methods  for  dealing  with  radio¬ 
frequency  power  tubes  have  been 
developed. 

The  following  treatment  is  de¬ 
scribed  by  Chaffee.*’  *•  *  Static 
measurements  are  performed  to 
give  static  characteristic  curves, 
preferably  e,e,  curves,  from  which 
may  be  calculated  so-called  con¬ 
tours,  joining  points  of  equal  driv¬ 
ing  power,  plate  dissipation,  output 
power,  plate  efficiency,  etc.  An  al¬ 
ternative  method  is  to  measure  the 
various  operational  voltages,  cur¬ 
rents,  and  powers  and  plot  the  con¬ 
tours  in  the  axes  system. 

An  example  of  an  diagram, 
including  several  contours,  is  shown 
in  Fig.  2.  The  position  of  the  Q 
point  in  the  upper  left  corner  is  de¬ 
termined  by  the  applied  d-c  grid 
potential,  —175  volts,  and  the  ap¬ 
plied  d-c  plate  potential,  1,000  volts. 
For  thfese  values  the  plate  current 
is  zero.  When  a  sufficiently  large  al¬ 
ternating  voltage  is  applied  to  the 
grid,  class  C  operation  with  pul¬ 
sating  plate  current  results.  The 
fundamental  component  of  the  plate 
voltage  may  reach  an  amplitude  of 
the  order  of  500  to  1,000  volts,  the 
actual  value  being  determined  by 
the  impedance  in  the  plate  circuit. 
Contours  are  shown  for  the  plate 
dissipation  P„  the  output  power 
P»  =  Pti,  and  the  plate  efficiency 
{Etf),  =  71..  =  P»/(P,-hP»). 

Exomplas 

As  an  example  of  the  use  of  the 
graph,*  assume  Ef„  =  290  volts,  £7^* 
=  590  volts,  and  Rl  —  1,500  ohms. 
The  path  of  operation  Q-h  will  then 
have  its  end-point  6  located  as 
shown,  so  that  P,  =  80  watts,  P»  = 
120  watts  and  {Eff)  „  =  60  percent. 

As  another  example,  assume  E,„, 
=  280  volts,  =  840  volts  and 
Pt  z=  3,000  ohms.  The  path  of  oper¬ 
ation  Q-d  will  now  have  its  end  d 
located  further  down,  so  that  P,  = 
20  watts,  P»  =  120  watts  and  (Eff), 
=  85  percent.  The  position  of  the 
end-point  of  the  path  of  operation 
must  be  given  proper  consideration. 
The  contours  a-b  and  c-d  for  plate 
loads  of  1,500  and  3,000  ohms  repre¬ 
sent  loci  for  end-points  when  the 
amplitudes  are  varied. 

*  In  the  diagram  amplitude  ia  Indicated 
by  an  eye-brow  over  the  symbol  rather  than 
by  the  subscript  m. 


A  Praefkal  Applicatiea 

A  transmission  system  including 
a  class  C  amplifier  is  shown  in  Fig. 

3  (a).  (Neutralization  and  modu¬ 
lation  circuits  may  be  added).  The 
power  tube,  to  which  the  diagram 
in  Fig.  2  applies,  feeds  via  an  out¬ 
put  transformer  and  a  feeder  a 
center-driven  antenna  of  input  im¬ 
pedance  Zu  =  Ru  +  jXu.  It  is 
assumed  that  the  antenna  half- 
length  h  is  slightly  less  than  a 
quarter  wavelength  so  that  Xu  =  0. 

It  may  further  be  assumed  that  Ru 
equals  the  characteristic  impedance 
Rc  of  the  feeder,  so  that  no  stand¬ 
ing  waves  appear  on  the  feeder  and 
no  reactance  is  reflected  into  the 
secondary  of  the  transformer. 

The  main  requirement  on  the  cir¬ 
cuit  elements  L,  and  C.  is  that  they 
provide  resonance  for  the  funda¬ 
mental  transmission  frequency. 
The  ratio  is  not  critical  from 
the  point  of  view  of  matching,  as 
the  mutual  impedance  M  will  be 
adjusted  accordingly  so  that  the 
load  presented  to  the  tube  will  be 
the  one  required  by  the  end-point 
in  the  contour  diagram.  The  pri¬ 
mary  LtCi  is  tuned  to  resonance  to 
secure  a  tube  load  impedance  of 
zero  phase  angle  and  thus  secure 
efficient  operation  of  the  tube. 

The  tube  T  with  pow^er  supply 
represents  the  dc-ac  source  in  Fig. 

1.  Leaving  the  grid  dissipation  and 
the  grid  driving  power  out  of  con¬ 
sideration,  the  power  efficiency  of 
interest  will  be  the  one  indicated 
in  Fig.  3(a).  The  plate  efficiency 
Tj.,  =  Tj,  is  obtained  from  contour 
diagrams  of  the  type  shown  in  Fig. 

2.  The  output  transformer  efficiency 
Tit  is  computed  as  indicated  by  Eq. 
(4),  in  accordance  with  the  tuned 
equivalent  circuits  in  Fig.  3(b)  and 
3(c). 

ifi  “  Re  {Z'Lt)IRe  (Zu)  =  w*  Ru  {Ri  + 
a,*  AP  Ru).  (7) 

(The  coil  resistance  of  the  second¬ 
ary  circuit  is  assumed  to  be  neg¬ 
ligible  compared  with  Ru.)  It  is 
important  to  realize  that  the  power 
efficiency  described  by  Eq.  (7)  re¬ 
fers  to  the  transformer  and  its  load 
only;  the  tube  is  in  the  circuit  all 
the  time,  but  is  disregarded  in  this 
discussion. 

With  the  tube  left  out  of  consid¬ 
eration  the  circuit  is  linear  and  the 
mutual  inductance  M  and  coefficient 
of  coupling  k  =  3f/(L,L.)*  can 
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therefore  be  estimated  in  terms  of 
critical  coupling:.  For  a  trans¬ 
former  with  both  circuits  tuned  to 
resonance,  critical  coupling  may  be 
defined  by  one  of  the  two  relations : 

W»  -  ft,  iJu  (8) 

or  fc*.  -  1/QiQ,.  *  (9) 

Here  Q,  =  and  Q,  =  (uLt/Ru. 

As  this  discussion  of  critical  coup¬ 
ling  does  not  have  anything  to  do 
with  the  tube,  Q,  refers  to  the  pri¬ 
mary  circuit  above  with  no  resis- 
rtnce  component  reflected  from  the 
t  ibe  into  the  circuit.  At  critical 
nupling  the  transformer  efficiency 
f  Eq.  (7)  becomes 


50  potent  (10) 


\k^k. 


Claw  A  Oparatiea 

It  will  now  be  temporarily  as- 
med  that  the  tube  is  operated  in 

i’ass  A  with  limited  amplitude,  so 
hat  the  entire  circuit  can  be  con- 
lered  linear.  The  vital  question 
[s  now :  what  coupling  in  the  trans- 
ormer  yields  maximum  power  in 
Ine  load  impedance  i^t,?  The  sim¬ 
plest  case  is  at  hand  when  the  plate 
'■stance  of  the  tube  is  so  high 
feat  when  reflected  into  the  pri- 
rary  circuit  it  becomes  almost 
eligible  compared  with  /?,.  In 
is  case  maximum  power  transfer 
obtained  when  the  critical  coup- 
I?  described  by  Eq.  (8)  and  (9) 
maintained.  This  follows  di- 
ctly  from  Eq.  (5),  or  rather  from 
t  assumed  conditions  under  which 
(5)  is  derived.  Equation  (6) 
ves  the  system  power  efficiency 
50  percent. 

Consider  next  a  class  A  tube  with 
'.ewhat  lower  plate  resistance, 
r  ■  reflected  plate  resistance  r', 
I  series  with  i?,  must  now  be  taken 
'  account  and  it  is  therefore 
-'Siry  to  increase  the  coupling 
the  transformer  until  the  con- 


AP  =  (ft, -I- r'p)  ft«  (11) 
[obtained.  The  power  developed 
Ru  is  then  maximum  and  the 
fi  efficiency  of  the  (tube,  trans¬ 
mit  r,  load)  system  is  50  percent. 
|It  would  be  permissible  to  say 
it  the  conditions  for  maximum 
transfer  are  obtained  for 
’  coupling  in  the  system,  but 
jis  better  to  continue  using  the 
■n  “critical  coupling"  for  the 
^former  and  load  only,  espe- 
[  y  as  the  case  just  discussed  is 


of  limited  practical  value.  As  far 
as  the  transformer  is  cdncerned  it 
is  over-coupled  and  has  an  efficiency 
above  60  percent. 

Now  consider  the  general  case 
when  the  tube  is  operating  in  class 
C  and  the  system  is  nonlinear.  It 
is  tempting  to  continue  to  think  of 
the  tube  as  represented  by  a  re¬ 
flected  resistance  in  the  primary 
circuit  of  the  transformer,  as  this 
explains  why  overcoupling  yields 
increased  output  power.  It  is,  how¬ 
ever,  dangerous  to  think  in  terms  of 
class  A  in  nonlinear  circuit  appli¬ 
cations.  An  equation  like  Eq.  (11) 
would  be  misleading  if  r',  were 
used  to  represent  a  nonlinear 
quantity,  and  would  not  be  of 
much  use  anyhow  as  r',  is  then 
a  notation  for  something  that  can 
not  be  given  a  simple  mathematical 
form.  There  is  then  so  much  more 
reason  to  restrict  the  term  critical 
coupling  to  the  transformer  part  of 
the  circuit.  This  does  not  mean, 
however,  that  the  distance  between 
the  coils  is  to  be  adjusted  for  crit¬ 
ical  coupling.  As  before,  consider¬ 
able  overcoupling  is  required,  and 
the  figure  may  in  a  practical  case 
be  fairly  close  to  100  percent.  Thus 
for  a  high  k  value,  such  as  fc  = 
10  fee, 

til  =  1/(1  -f- (A*/*)*) I  =99  percent. 

|jfc  =  10ik.  (12) 


If  in  Fig.  3  the  losses  in  the  an¬ 
tenna  are  neglected  and  the  losses 
in  the  feeder  known,  the  over-all 
dc-ac  power  efficiency  is  obtainable 
as  tim  =  fit*  fh  ffi,  as  indicated  by 
Eq.  (3).  Here  the  plate  efficiency 

=  Ti,  is  obtained  from  the  con¬ 
tours  as  previously  described. 

Ceaclasiea 

The  necessity  for  standard  defin¬ 
itions  of  various  power  efficiencies 
and  their  theoretical  limits  has  been 
stressed.  The  simplicity  of  a  sys¬ 
tem,  in  which  the  overall  efficiency 
is  broken  up  into  a  source  efficiency 
and  a  number  of  section  efficiencies, 
is  brought  out  in  the  discussion.  In 
the  treatment  of  class  C  devices, 
reference  is  made  to  the  paramount 
possibilities  of  the  Chaffee  contour 
method.  A  transmission  system  is 
discussed,  in  which  the  source  effi¬ 
ciency  is  obtained  by  this  method. 
It  is  suggested  that  for  class  C  oi>- 
eration  the  term  “critical  coupling” 
be  restricted  to  the  matching  device 
only. 
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FIG.  3 — Transmission  circuit  with  nonlinaar  generator  (a  class  C  r-f  power  tube) 
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The  design  of  the  thermometer 
to  be  described  is  based  on  an 
accidental  observation  of  the  ex¬ 
tremely  high  temperature  coeffi¬ 
cient  of  resistance  of  some  organic 
materials.  As  these  materials  also 
have  a  high  resistivity,  the  two 
properties  combine  to  produce  a 
thermometric  substance  for  a  re¬ 
sistance  thermometer  of  extra¬ 
ordinary  sensitivity.  The  higher 
the  resistivity  of  the  organic  mate¬ 
rial  employed,  the  greater  the  volt¬ 
ages  which  can  be  applied  without 
dissipating  sufficient  power  to  in¬ 
terfere  with  the  accuracy  of  the  in¬ 
strument. 

The  electronic  thermometer  in  its 
present  form  utilizes  a  glass  bulb 
1  in.  long  and  I  in.  in  diameter  com¬ 
pletely  filled  with  the  thermometric 
liquid.  Two  electrodes,  entering  the 
bulb  through  a  cor’^entional  stem, 
consist  of  metallic  wires  about 
0.015  in.  in  diameter  and  dipping 
A  in.  into  the  liquid. 

Electrical  Characteristics  of  Materials 

The  conductivity  of  the  bulb  in¬ 
volves  two  factors — the  real  con¬ 
ductivity  of  the  material,  and  a 
polarization  effect  dependent  on  the 
surface  of  the  electrodes.  The  latter 
effect  appears  to  be  related  to  the 


Complat*  •loctronic  thanaometar.  Th*  diol  at  th«  right  is 
mochonicedly  coupled  to  tho  potsntioiiMtor  used  for  ostob- 
lishing  tho  control  point,  and  tho  motor  at  tho  loft  indicotos 
temporoturo  doTiotlon  in  dogroos  oboTO  ond  below  control  point 


plotted  against  temperature  t  on 
rectangular  coordinates  is  given  in 
Fig.  1.  The  general  shape  of  this 
curve  is  common  to  a  wide  variety 
of  materials,  and  approaches  the 
relation 

Rt  *  (1 

The  same  data  is  plotted  on  semi¬ 
log  paper  in  Fig.  2.  The  temper¬ 
ature-resistance  relation  is  usually 
linear  for  a  substantial  part  of  the 
useful  temperature  range  when 
plotted  in  this  way. 

The  temperature  coefficients  in 
the  useful  ranges  are  negative  in 
almost  all  cases,  but  some  of  thes? 
materials  change  to  a  positive  teir. 
perature  coefficient  at  higher  tem 
peratures. 

While  the  resistance  between  tw; 
small  immersed  electrodes  decrea?-' 


viscosity  of  the  material,  and  any 
movement  of  the  liquid  has  a  con¬ 
siderable  effect  on  the  resistance. 

The  resistance  is  a  function  of 
frequency,  and  the  current  is  pro¬ 
portional  to  the  applied  voltage  up 
to  voltages  much  higher  than  any 
electrode  polarization  voltage  so  far 
observed. 

We  are  using  various  voltages  up 
to  about  20  volts  per  bulb.  With  an 
apparent  resistance  of  some  100,- 
000  ohms  at  room  temperature,  this 
gives  a  current  of  200  microam¬ 
peres  and  a  dissipated  power  of  4 
milliwatts.  These  are  average  fig¬ 
ures,  and  great  variations  are  pos¬ 
sible  for  special  purposes. 

Tanparature  CeafRcUntt 

The  apparent  resistance  R, 


some  cai 


perature 


Temperot’ure  (t) 


Temperature  (t) 


"'meter  n 


-Some  data  ai  in  Fig.  1.  plottad  on  Mmi-log  papai 
■how  linear  relationship  j 


FIG.  1 — Typical  thermometer  bulh  characteristic  plotted  on 
rectangular  coordinates 
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Description  of  a  new  temperature  meas¬ 
urement  and  control  system  utilizing  a 
resistance  thermometer  consisting  of  a 
small  glass  bulb  filled  with  an  organic 
material  having  a  high  temperature  co¬ 
efficient  of  resistance.  Sensitivity  can 
be  adjusted  for  a  ±0.01  deg  F  control 
range 


iTplcal  lh«iinom*t«r  bulb  dutigns 


FIG.  3 — Basic  Tacuum-tube  circuit 
•mployed  ior  th«  eloctronic  ther¬ 
mometer  or  heat  control  system 

rapidly  with  increasing  tempera¬ 
ture,  the  apparent  capacitance  gen¬ 
erally  increases  almost  as  fast.  In 
some  cases  the  capaitance  between 
the  two  electrodes  was  1,000  times 
the  geometric  capacitance,  in  spite 
of  the  fact  that  the  dielectric  con¬ 
stant  of  the  liquid  was  only  between 
3  and  5.  An  average  value  of  tem¬ 
perature  coefficient  of  these  mate¬ 
rials  at  room  temperature  is  2.5 
percent  per  deg  F. 

The  apparent  resistance  of  a  bulb 
may  range  from  100,000  ohms  to  1 
megohm  at  room  temperature,  de- 
jending  on  the  material,  size  of 
)ult»  and  other  factors.  To  utilize 
he  extraordinary  properties  of  or- 
[anic  materials  for  temperature  in- 
iicalion  or  control  an  electronic 
nethod  is  indicated  because  of  the 
liRh  resistance  of  the  bulbs. 

VacMMin-Tab*  Cireait 

The  basic  circuit  employed  in  the 
hvt  ionic  thermometer  and  control 

I  tem  is  shown  in  Fig.  3.  Section 
is  the  bridge  element  in  which  a 
tnge  in  temperature  of  the  bulb 
ults  in  an  a-c  signal  being  pro¬ 
ved  across  the  output  terminals 
the  bridge.  Section  B  (omitted 
le:  the  device  is  used  as  a  ther- 
mreter  rather  than  for  automatic 
iitrol)  is  merely  a  conventional 
iplifier.  Section  C  is  the  discrim¬ 


inator  element  which  receives  the 
a-c  signal  and  produces  a  pulsating 
direct  current  flow  between  the 
plates  of  the  two  triodes  to  actuate 
either  an  indicating  meter  or  a 
sensitive  relay.  This  section  is  es¬ 
sentially  an  a-c  Wheatstone  bridge 
with  one  triode  section  serving  as 
the  variable  resistance  element. 

The  plates  of  the  double  triode 
are  fed  with  a.c.  to  provide  a  sim¬ 
ple  and  convenient  phase  discrim¬ 
ination  feature  in  the  bridge.  If  the 
a-c  signal  voltage  from  the  bulb 
circuit  is  in  phase  with  the  plate 
voltage  of  the  vacuum-tube  bridge, 
the  triode  plates  will  be  positive 
when  the  grid  of  the  left-hand  tube 
is  positive.  Consequently,  the  im¬ 
pedance  of  the  left-hand  tube  will 
be  lower  than  that  of  the  right-hand 
tube  and  current  will  flow  in  one 
direction  through  the  meter  or  re¬ 
lay.  Conversely,  if  the  a-c  signal 


voltage  is  180  deg  out  of  phase  with 
the  vacuum-tube  plate  supply,  the 
meter  or  relay  current  will  flow  in 
the  opposite  direction. 

If  either  the  two  plate  resistors 
or  the  grid  bias  of  the  left-hand 
tube  are  adjusted  so  that  current 
flows  between  the  two  plates  at  all 
times,  an  unbalance  in  one  direc¬ 
tion  w’ill  cause  an  increase  in  cur¬ 
rent,  while  an  unbalance  in  the 
other  direction  will  cause  a  de¬ 
crease. 

The  circuit  can  be  adjusted  in 
various  ways  in  accordance  with 
particular  requirements  of  indica¬ 
tion  or  control.  It  is  substantially 
unaffected  by  normal  drift  in  va¬ 
cuum-tube  characteristics  in  serv¬ 
ice,  because  both  tubes  drift  in  the 
same  direction.  The  effect  of  dif¬ 
ferences  in  tube  characteristics 
when  the  tubes  are  changed  can  be 
(Continued  on  page  362) 
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An  engineering  report  discussing  in  detail  the  three  major  causes  of  accidental  electro¬ 
cution.  Considerations  of  voltage,  current,  frequency  and  duration  are  taken  up.  Chances 
for  survival  under  various  conditions  are  analyzed.  Electrocardiograms  are  shown 
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FIG.  3 — Effect  of  electric  current  on  *us- 
ceptibUity  of  iheep  hearts  to  Tontriculoi 
fibrillation.  Eoch  shock  was  applied  for 
0.03  sec  «t  60  cps.  in  the  most  sensitiTe 
port  of  the  cycle 


J«/y  IW  — ELECTRONH 


neck,  etc.  The  mechanisms  of  death 
will  now  be  discussed  in  more  detail 


Variations  in  ledy  Resistance 

In  the  layman’s  mind,  (as  we’! 
as  in  that  of  the  engineer)  a  great 
deal  of  confusion  exists  as  to 
whether  the  current  or  the  voltagt 
of  the  circuit  is  the  determining 
factor  in  death.  This  is  quite  in 
excusable,  for  as  early  as  1913’  i 
was  clearly  understood  that  tb 
current  passing  through  a  person! 


WN  ELECTRICAL  ENGINEER’S  knowl- 
XiL  edge  of  the  response  to  an  ap¬ 
plied  electromotive  force  should  not 
be  limited  to  networks  of  resistance, 
capacitance,  and  inductance.  It 
should  include,  also,  the  response  of 
a  human  being.  Unfortunately,  the 
engineer  usually  knows  little  more 
than  the  layman  about  the  latter 
subject,  even  though  he  is  much 
more  exposed  to  the  hazards  of  elec¬ 
tricity  than  is  the  average  person. 
This  article  is  written  to  acquaint 
the  engineer  with  the  basic  princi¬ 
ples  of  the  effect  of  electricity  on 
the  human  organism. 

The  first  recorded  death  due  to 
electricity  was  that  of  a  stage  car¬ 
penter  at  Lyon  in  1879.  He  touched 
a  250-volt  line.  This,  however,  was 
not  the  first  use  of  lethal  electric 
potentials,  for  they  were  used  as 
early  as  1849  in  the  first  perform¬ 


ance  of  Meyerbeer’s  ’ll  Prophete”, 
and  in  1857  in  lighthouses  in  Eng¬ 
land.  As  early  as  1890,  the  electric 
chair  was  introduced  by  the  state 
of  New  York.  Here  voltages  of 
1200  to  1700  volts  were  used.  In 
electrocutions  currents  up  to  8  am¬ 
peres  were  sent  through  the  vic¬ 
tim’s  body  for  3  to  8  minutes. 

The  death  rate  due  to  accidental 
electric  shock  was  low  at  the  be¬ 
ginning  of  the  century,  being  about 
200  a  year  in  countries  like  Eng¬ 
land,  the  United  States,  and  Ger¬ 
many.  It  rose  rapidly,  until  in 
1915  the  rate  was  0.8  per  100,000 
annually.  Since  then  it  has  re¬ 
mained  quite  constant,  and  at 
present  is  1  per  100,000  per  year. 

Coatas  of  Daafh  by  Shock 

Death  by  electricity  is  due  to  one 
of  three  fundamental  causes:  a 


cessation  of  respiration  due  to  a 
block  in  the  part  of  the  nervous 
system  controlling  breathing;  a 
serious  reduction  of  the  circulation 
of  the  blood,  due  to  ventricular 
fibrillation  of  the  heart ;  or  an  over¬ 
heating  of  the  body.  Of  the  three, 
the  second  of  these  is  the  most  dan¬ 
gerous,  for  there  is  no  practical 
way  of  bringing  a  fibrillating  heart 
into  a  normal  beat.  Of  course, 
death  may  be  the  result  of  a  com¬ 
bination  of  the  above  causes,  or  due 
to  complications,  such  as  a  broken 


Current  in  Amperes 


Blood  Blood 
enters  leaves 


FIG.  I — Eloctrocordio^rom  ond  dia¬ 
gram  of  normal  heart 

FIG.  2 — Eloctrocardiogrom  oi  a  sheop's 
hoart  in  Tontricular  iibrillation 
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body  (rather  than  the  voltage  ap¬ 
plied)  was  the  determining  factor. 
The  reason  for  the  wide  variation 
in  voltage  required  to  send  a  lethal 
current  through  a  human  body  is 
that  the  resistance  of  the  body 
varies  from  1000  ohms  when  wet 
i  to  500,000  ohms  when  dry. 

The  resistance  of  the  body  is 
made  up  of  the  skin  resistance  and 
the  internal  resistance.  The  former 
is  large  when  the  skin  is  dry  (70,- 
000  to  100,000  ohms  per  sq.  cm.), 
but  falls  to  less  than  a  hundredth  of 
this  value  when  wet.  The  internal 
resistance  is  low  because  the  ten¬ 
dons,  muscles,  and  blood  are  rela¬ 
tively  good  conductors. 

In  high-voltage  shocks  serious 
-bums  are  often  produced  because 
Bthe  high  voltage  punctures  the 
■  uter  skin.  The  body  resistance 
K  hen  suddenly  falls  from  a  high 
1  alue  to  the  low  value  of  the  in- 
lu  rnal  resistance. 

B  It  is  understandable  that  the  ef- 
Bfect  a  given  current  will  have  de- 

i Bl  ends  on  the  current  path  through 
Bthe  body.  It  is  found  that  the  heart, 
Vhe  brain,  and  the  spinal  column 
■.lie  the  three  most  critical  regions. 

■  Effect  of  Carreat  Magaitada 

B  Let  us  consider  the  effects  pro¬ 
wl  iced  when  the  magnitude  of  a  60- 
I  Btycif  current  is  slowly  increased, 
^'umerous  studies*  have  shown  that 
phe  threshold  of  perception  is  1  ma. 
Bn  other  words,  currents  less  than 

tSBii 

M  K 

“  abnormally  large  current  densities, 
P'  result  from  pin-point  contacts, 
,pne  not  produced. 

^  B  Currents  from  1  to  8  ma  are  per- 
^^^WPtible,  but  not  yet  painful.  When 
currents  reach  a  value  of  8  to 
ma  they  are  painful,  and  cause 
• «  involuntary  contraction  of  the 
V  affected.  Muscular  control, 

''ever,  can  still  be  exercised.  Cur- 
Mnts  of  15  to  20  ma  are  painful, 
•use  involuntary  contraction,  and 
B  iS(  ular  control  is  lost.  Currents 


FIG.  4 — Eilact  oi  position  oi  shock  in 
cardiac  cycls  on  suscsptibility  oi  shssp 
hsarts  to  Tontrioilar  iibrUlation 


FIG.  5  (RIGHT) — Eiiset  of  duration  of 
shock  on  thrsshold  currant  for  shaap 


of  20  to  50  ma,  passed  between 
arms,  or  an  arm  and  a  leg,  involve 
the  chest  muscles  and  breath¬ 
ing  becomes  difficult.  Currents 
of  100  to  200  ma,  when  passed 
through  the  body  in  a  path  that  in¬ 
volves  the  heart  region,  produce 
ventricular  fibrillation  (an  uncoor¬ 
dinated  beating  of  the  various  heart 
muscles). 

Currents  in  excess  of  200  ma 
produce  burns;  if  they  take  a  path 
involving  the  heart  region,  the 
heart  action  is  suspended  for  the 
duration  of  the  current  passage, 
but  generally  is  resumed  at  the  end 
of  this  period. 

If  the  path  involves  the  part  of 
the  nervous  system  controlling 
respiration  (such  as  hand  to  hand, 
hand  to  foot,  head  to  hand,  etc.)  a 
block  in  the  respiratory  system  is 
produced.  If  artificial  respiration 
is  applied,  the  body  may  resume 
its  own  breathing  after  as  long  as 
8  hours ;  if  the  damage  to  the 
respiratory  -  controlling  nervous 
system  is  severe,  however,  breath¬ 
ing  may  be  suspended  indefinitely. 

V«atrie«lar  Fibrillation 

The  phenomena  of  ventricular 
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fibrillation  and  respiratory  block 
deserve  closer  attention.  Ventricu¬ 
lar  fibrillation  is  an  uncoordinated 
contraction,  of  the  various  heart 
muscles,  which  makes  the  heart 
practically  useless  as  a  pump.  The 
phenomenon  can  better  be  under¬ 
stood  by  reference  to  the  electro¬ 
cardiogram  and  diagram  of  a  nor¬ 
mal  heart  in  Fig.  1.  The  stimulus 
A  corresponds  to  the  contraction 
of  the  auricles,  which  contract  to¬ 
gether.  The  stimulus  B  corresponds 
to  the  contraction  of  the  ventricles, 
which  also  contract  together. 

The  electrocardiogram  for  ven¬ 
tricular  fibrillation  can  easily  be 
recognized,  for  it  has  the  irregular 
pattern  showTi  in  Fig.  2.*  Experi¬ 
mental  work  on  human  hearts  in 
regard  to  fibrillation  is  of  course 
impossible.  But  guinea  pigs,  rab¬ 
bits,  and  sheep  also  are  subject  to 
fibrillation,  so  considerable  work 
has  been  done  with  them. 

The  variation  of  the  percentage 
of  shocks  causing  fibrillation  with 
the  magnitude  of  the  current  passed 
through  the  body  of  a  sheep  is 
shown  in  Fig.  3.*  Each  point  repre¬ 
sents  about  75  trials.  Note  that  the 
susceptibility  increases  with  cur- 


UNDERSTANDING  PROMOTES  SAFETY 

ESSENTIAU.Y  medical  in  character,  this  paper  explains  why  some  people  die 
and  some  don't  alter  accidental  contact  with  electric  circuits 
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oxygen  in  the  meantime  through 
artificial  respiration.  This  explains 
the  prescribed  procedure  in  all 
cases  of  electric  shock:  apply 
artificial  resuscitation  immediately 
and  continue  until  rigor  mortis  sets 
in. 

In  cases  of  severe  damage  to  the 
cells  of  the  nervous  system  con¬ 
trolling  respiration  (dislocation  of 
the  duclei,  swelling  of  the  nucleoli, 
and  cytoplasmic  loss  of  granule) 
the  natural  breathing  of  the  body 
is  never  resumed.* 

The  third  cause  of  death  is  exces¬ 
sive  heating  of  the  body.  The  rea¬ 
son  for  death  here  is  not  obscure. 
The  detailed  mechanism  of  death  is 
a  medical  matter  and  its  discussion 
would  lead  us  too  far  astray.  It  is 
sufficient  to  remark  that  death  is 
due  to  the  destruction  by  heat  of 
some  vital  organ,  or  to  hemor¬ 
rhages,  or  to  third-degree  burns. 

Effect  of  Freqeeney 

A  further  characteristic  of  cur¬ 
rent  that  determines  its  effect  on  an 
organism  is  its  frequency.  A  ready 
example  is  that  of  direct  current 
and  60-cycle  alternating  current 
direct  current  is 
(Continued  on  page  250) 
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obstacles  encountered  in  trying  to 
apply  this  to  humans  are:  (1)  dif¬ 
ficulty  in  determining  whether  a 
heart  is  actually  fibrillating ;  (2) 
the  availability  of  proper  facilities 
for  applying  the  shock;  (3)  the 
counter  shock,  if  improperly  ap¬ 
plied,  may  actually  become  the 
cause  of  the  death.  As  a  result,  the 
recommended  procedure  in  all  cases 
of  electric  shock  is  to  apply  re¬ 
suscitation  immediately,  and  not 
attempt  to  apply  counter  shock. 

In  many  cases  of  electric  shock 
the  victim  becomes  unconscious  and  xhe  bearable 
stops  breathing,  but  his  heart  keeps 
on  beating.  This  is  due  to  a  break 
in  the  nervous  system  controlling 
respiration.  The  nerves  are  para- 
l3^ed  by  the  currents  and  no  longer 
transmit  stimuli  to  the  lungs.  Here 
one  difference  between  the  opera¬ 
tion  of  the  heart  and  lungs  becomes 
evident;  the  nervous  center  which 
controls  the  lungs  is  located  in  an¬ 
other  organ,  the  brain. 

The  brain  and  heart  must  always 
be  supplied  with  oxygen.  If  the 
oxygen  supply  ceases,  the  person 
first  becomes  unconscious.  If  the 
supply  of  oxygen  to  the  brain  is  cut 
off  for  more  than  5  to  8  minutes, 
damage  is  done  to  the  Betz  cells  in 
the  cortex  of  the  brain.  This  dam¬ 
age  is  permanent  and  cannot  be  re¬ 
paired  by  the  body.  If  the  person 
should  be  brought  back  to  life  his 
mental  capacity  will  be  impaired. 

Serious  damage  of  this  kind  results 
in  idiocy. 

If  the  damage  to  the  nervous  sys¬ 
tem  is  not  too  severe,  the  block  will 
pass  away  (0  to  8  hours)  and  the 
person  will  resume  breathing  of  his 
own  accord,  provided  the  person 
has  been  kept  alive  by  supplying 
the  vital  cells  of  the  body  with 


rent  up  to  a  maximum,  and  then  de¬ 
creases  as  the  current  is  increased 
further.  This  is  in  agreement  with 
observed  data  on  man,  for  it  has 
been  observed  that  as  the  voltage 
increases  on  high-voltage  shocks, 
the  percent  that  can  be  resuscitated 
increases. 

For  shocks  short  in  duration 
compared  to  a  heart  cycle,  the  prob¬ 
ability  of  producing  fibrillation 
varies  with  the  part  of  the  heart 
cycle  in  which  the  shock  occurs. 
This  is  shown  by  the  dash-dash 
curve  superimposed  on  the  electro¬ 
cardiogram  in  Fig.  4.  This  sensitive 
phase  represents  the  decreasing 
contraction  of  the  heart  muscles. 
At  any  other  time,  the  heart  is 
quite  insensitive  to  shock. 


Daratio*  of  Shock 

Finally,  the  effect  of  shock  length 
was  studied.  The  results  are  plotted 
in  Fig.  6.  Note  the  sudden  increase 
in  susceptibility  to  fibrillation '  as 
the  shock  length  approaches  the 
length  of  the  heart  cycle.  What 
happens  to  this  curve  as  the  shock 
length  is  decreased  to  much  smaller 
values,  say  one  microsecond,  is  an 
interesting  question,  but  no  au¬ 
thentic  data  is  available  on  this 
subject. 

RosMscitotion  Prineiplos 

Numerous  methods  have  been 
tried  to  bring  a  fibrillating  heart 
back  to  a  coordinated  beat.  Of  these 
the  method  of  counter  shock  first 
used  by  Abilgaard  in  1775  to  arrest 
fibrillation  in  cocks  seems  the  most 
promising.  It  has  been  used  with 
success  on  guinea  pigs  and  dogs. 
It  consists  of  an  application  of  a 
shock  of  high  intensity  and  short 
duration  through  the  heart.  The 
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FIG.  6 — Effect  of  frequency  on  toleronc* 
current 
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t.  7 — Minimum  currenta  necewary  » 
ue  death  from  thocks  of  diiiat*'‘* 
duration  at  seTeral  frequencies 


July  —  ELECTRONK 


^CTRONIC! 


Body  resistance 
assumed  to  be 

nX)  visits 

1000  volts 

- 

10,000  voltsf.  ^ 

Very  low,  with  good 
•  contact 
(About  1,000  ohms) 

Certain  dealti: 
slight  bums 

Probable  death; 
marked  bums 

1  er 

X  * 

Survival;  burns^and 
other  sequelae; 
very  severe 

Higher 

(Alx>ut  10,000  ohms) 

Painful  shock; 
no  injury 

Certain  death: 
bums  pro¬ 
bably  slight 

Probable  death; 
severe  bums 

High  with  bad 
contacts 

(About  100,000  ohms) 

Scarcely  felt 

Painful  shock, 
but  no  severe 
injmy 

Certain  death;  burns 
slight  if  resist¬ 
ance  remains 
high 

/ 


THERMAL  NOISE 

In  a  Parallel  RC  Circuit 


Chart  giving  thermal  noise  voltage  in  microvolts  produced  by  random  electron  movement 
in  a  circuit  composed  of  resistance  shunted  by  capacitance,  for  any  desired  band  width 

and  for  entire  frequency  spectrum 


The  lower  limit  to  the  magni¬ 
tude  of  voltages  which  can  be 
measured  is  set  by  the  so-called 
“thermal  agitation”  voltages  which 
arise  spontaneously  in  the  measur¬ 
ing  apparatus  itself.  When  listened 
to,  this  noise  manifests  itself  as  a 
ushing,  hissing  sound,  and  is  fa- 
iliar  to  all  who  have  worked  with 
igh-gain,  wide-band  audio  ampli- 
ers. 

Basie  Formalo 

This  voltage  is  a  result  of  the 
andom  movement  of  electrons  in 
conductor,  and  is  a  function  of 
he  temperature  of  the  conductor, 
s  resistance,  and  the  band-width 
_ver  which  the  voltage  is  measured. 
Bince  components  of  all  frequencies 
Bnd  random  phasing  are  present, 
Bne  can  only  specify  this  voltage  in 
Berms  of  its  rms  value.  The  for- 
Bula  relating  the  above  variables  is 
B  follows: 

I  E  ^  ^l^kTRl^S  (1^ 

B  In  this  formula,  E  is  the  rms  vol- 
Bpe  appearing  across  the  terminals 
n  the  resistance,  k  is  Boltzmann’s 
||nstant,  equal  to  1.874  x  10'**  Joule 
r  degree  Kelvin,  T  is  the  temper- 
in  degrees  Kelvin,  R  is  the 
Bsistance  in  ohms,  and  A/  is  the 
Bnd-width  over  which  the  voltage 
B  measured.  At  room  temperature 
formula  becomes 

mB  £  -  1.28  X  10-“  ^IWf  .  (2) 
•o'BThis  formula  holds  only  for  pure 
Brt  wound  resistances  of  zero 
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phase  angle.  In  the  case  of  a  gen¬ 
eral  two-terminal  impedance  con¬ 
taining  reactances  as  well  as  resist¬ 
ance,  F.  C.  Williams  has  shown* 
that  one  may  compute  the  thermal 
noise  voltage  in  either  cf  two  ways : 
(a)  one  may  consider  that  only  the 
resistances  in  the  impedance  give 
rise  to  thermal-agitation  voltages, 
and  that  the  reactances  serve  only 
as  filtering  agents  by  suppressing 
or  re-inforcing  certain  frequency 
bands ;  (b)  one  may  reduce  the  im¬ 
pedance  to  the  equivalent  series  cir¬ 
cuit,  integrate  the  resistive  com¬ 
ponent  of  the  impedance  over  the 
desired  frequency  band,  and  sub¬ 
stitute  the  result  in  place  of  R\f  in 
formula  (2).  This  formula  then  be- 


1?  =  1.28  X  10-“  Rdf  (3) 

Using  either  method  leads  to  identi¬ 
cal  results. 

Noit*  in  Crystal  or  Condanstr 
Microphon*  Circait 

A  case  which  arises  frequently  is 
that  of  computing  the  noise  voltage, 
over  a  given  band-width,  which 
arises  from  a  resistor  shunted  by 
a  capacitor.  This  is  the  case  of  a 
crystal  or  condenser  microphone 
which,  together  with  its  grid  leak, 
acts  as  the  input  circuit  of  an  am- 

•  williams,  F.  C..  Thermal  Fluctuations 
in  Complex  Networks,  Wireless  Section. 
Journal  of  the  I.E.E.  13.  p.  53,  Mar.,  1938. 


plifier.  Since  such  microphones,  if 
their  frequency  characteristic  is 
flat  over  a  wide  range,  have  rela¬ 
tively  low  output,  the  thermal  noise 
output  of  the  microphone  and  its 
grid  leak  often  determines  the  min¬ 
imum  signal  which  can  be  meas¬ 
ured.  The  other  limiting  factors 
are  the  ambient  noise  of  the  room 
and  the  shot  noise  of  the  first  tube 
of  the  following  amplifier. 

The  resistive  component  of  the 
impedance  of  a  resistor  and  ca¬ 
pacitor  in  parallel  is  given  by 

“‘W-'iCrb)  w 

where  R  is  the  value  of  the  resistor 
in  ohms,  and  <f>  —  ///o,  where  /#  is 
the  frequency  at  which  Xc  —  R,  and 
is  given  by  /»  =  l/2v:RC,  where  C  is 
in  farads.  Substituting  this  ex¬ 
pression  in  Eq.  (3)  and  re-writing 
/„  ft,  and  df  in  terms  of  <t>  expressed 
in  radians,  one  has 

^  1.28  X  lQ~“^arc  tan  ♦i  —  arc.tan  <t>i 

1  ’  (5) 

Equation  (5)  shows  that  the 
high-frequency  regions  contribute 
very  little  to  the  total  noise  voltage 
output.  Thus,  if  one  computes  the 
voltage  developed  across  a  given  re¬ 
sistor  in  parallel  with  a  given  ca¬ 
pacitor  betw’een  /,  and  100  /o,  it  is 
found  to  be  equal  to  44.7  x  10  “/\/C’. 
For  the  same  R  and  C,  the  total  rms 
voltage  developed  between  /,  and 
infinity  equals  45  X  lO'^/y/C. 
Thus,"  the  entire  region  between 


100  /•  and  infinity  contributes  less 
than  1  percent  to  the  total  output. 
Hence  if,  as  is  generally  the  case, 
one  desires  to  know  the  total  noise 
output  from  a  resistor  and  capaci¬ 
tor  in  parallel  as  measured  by  an 
amplifier  whose  lower  cut-off  fre¬ 
quency  is  in  the  vicinity  of  /•  and 
whose  upper  cut-off  frequency  is 
many  times  /o,  it  will  be  substan¬ 
tially  correct  to  take  this  upper 
cut-off  frequency  as  infinity. 

■mis  of  Chart 

The  accompanying  chart  was  con¬ 
structed  by  taking  the  lower  fre¬ 
quency  limit  /i  as  some  multiple  N 
of  /o,  and  the  upper  frequency  limit 
as  infinity.  It  gives  the  value  of 
the  rms  fluctuation  voltage  E  be¬ 
tween  the  frequency  limits  (in 
radians)  =  N  and  <f>,  =  oo,  where  <f>i 
=  ///.,  /.  =  1/2‘kRC,  and  the 
value  of  E  is  obtained  from  the  fol¬ 
lowing  transformation  of  Eq.  (5), 
in  which  E  is  in  /iv  and  C  is  in  /i/if : 

(6) 


To  accomplish  this  transformation, 

is  set  equal  to  infinity,  so  that  arc 
tan  <f>i  equals  ic/2  radians  or  90  deg. 
The  resulting  expression  under  the 
radical  is  then  equal  to  arc  cot 
The  change  in  the  numerical  coeffi¬ 
cient  is  a  consequence  of  expressing 
E  in  /iV  and  C  in  /i/if  in  the  above 
equation. 

Thus,  suppose  it  were  desired  to 
find  the  rms  noise-voltage  developed 
across  a  20-fifit  capacitor  and  a 
10-megohm  resistor  in  parallel,  be¬ 
tween  the  frequency  limits  of  /  = 
400  cp9  and  infinity.  Here  /•  is  the 
frequency  at  which  Xr  =  i?  =  10 
megohms,  and  from  the  equation 
/o  =  l/2nRC  we  get  800  cps  as  the 
value  of  /o.  Hence  N  =  ///#  =  400/ 
800  =  0.5,  and  the  intersection  of 
the  abscissa  C  =  20  fifxi  and  the 
contour  N  =  0.5  is  found  to  occur 
bn  the  ordinate  marked  12  /iv. 

ixoMpla  of  Chart  Us* 

By  taking  advantage  of  the  fact 
that  noise  voltages  add  as  the 
square  root  of  the  sum  of  the 
squares  of  the  component  voltages, 


the  chart  can  be  used  to  find  the 
noise  voltage  developed  when 
neither  of  the  frequency  limits  can 
be  considered  infinite.  Suppose,  for 
example,  it  were  desired  to  find  the 
voltage  developed  across  the  above 
R  and  C  between  the  frequency 
limits  of  400  and  800  cps.  From  the 
above,  the  rms  voltage  developed 
between  400  cps  and  infinity  is  5  n\. 
Proceeding  in  a  similar  manner  one 
finds  the  rms  voltage  between  800 
cps  and  infinity  to  be  3.5  /av.  Hence 
the  voltage  developed  between  400 
and  800  cps  equals  Vs*  —  3.6*  or 
approximately  3.6  nv. 

EIFact  of  R  ea  Noito 
Oatpat  Velfago 

It  is  worthwhile  noting  that  the 
total  noise  voltage  output  of  a 
given  resistor  and  capacitor  in 
parallel,  measured  between  the  fre¬ 
quency  limits  of  zero  and  infinitj’, 
is  independent  of  the  value  of  R, 
and  depends  solely  on  the  value  of 
C,  as  long  as  R  is  some  finite  value 
different  from  zero.  The  value  of 
R  serves  only  to  determine  the  dis¬ 
tribution  in  the  spectrum  of  the 
total  energy,  which  is  determined 
by  C.  Stated  in  a  somewhat  differ¬ 
ent  fashion,  for  any  given  value  of 
C,  the  voltage  output  measured 
between  /  =  0  and  /  =  /«  is  the 
same  as  the  output  measured  be¬ 
tween  /  =  /o  and  /  =  infinity. 
Either  of  these  statements  may  be 
verified  by  reference  to  Eq.  5. 

Total  Flactaatioa  Veltago 

Up  to  lafiaito  Froqoaacios 

Although  no  amplifier  or  meter 
can  be  made  that  will  indicate  to 
infinite  frequency,  the  concept  of 
total  noise  generated  over  the  total 
spectrum  is  useful,  since  it  sets  an 
upper  limit  to  the  thermal  agitation 
Voltage  to  be  expected  from  an  im¬ 
pedance,  no  matter  what  the  band 
width  over  which  the  actual  meas¬ 
urement  is  made.  Thus,  by  refer¬ 
ring  to  the  contour  labelled  N  =  S 
on  the  chart,  it  is  seen  that  ir¬ 
respective  of  either  the  resistor  or 
the  bandwidth,  if  C  =  10  nfif  ib 
total  fluctuation  voltage  will  be  lew 
than  20  ixv.  In  some  cases  ths 
might  be  all  the  informatior 
needed,  as,  for  example,  in  the  ca.«i 
where  the  following  amplifier  d 
self  had  a  noise-  or  hum-level  o 
several  times  this  quantity. 


Chart  giring  rms  Talue  oi  fluctuation  Toltage  across  R  and  C  in  parallel,  between 
a  giyen  irequency  limit  and  infinity.  The  frequency  limit  is  conrerted  into  a 
Talue  N  as  explained  in  the  accompanying  article.  When  yalues  in  parentheses 
are  used  on  one  scale,  the  parenthesis  Talues  on  the  other  scale  must  be  used 
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#  An  effective  anti>aircraft  battery  requires 
co-ordinated  team  work,  and  in  our  business 
too,  we  are  not  content  to  only  develop  iso¬ 
lated  items,  but  we  constantly  co-ordinate  and 
engineer  a  COMPLETE  line  of  related  parts. 

For  example,  miniature  sockets,  shields  and 
nut  straps  as  illustrated  . . .  Write  for  samples. 


MANUFACTURING  CORPORATION,  3335  W.VMie«N>«NSt.,CMc«ee  13,m. 

SUtSIDIAlY  or  WNITIB-CAII  rASTINII  COBfOIATIOM,  CAMBIIDei,  MASS 
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Industrial  X-Ray  High  in  the  Air  on  Cracking  Unit 


As  RESULT  of  the  successful  use  of 
x-ray  testing,  it  was  possible  to 
complete  the  260-foot  high  “Balti¬ 
more  Giant",  a  fluid  catalyst  crack¬ 
ing  unit  for  high-octane  gasoline  at 
the  Standard  Oil  Company  of  New 
Jersey's  refinery  in  Baltimore, 
without  welding  defects.  All  welds 
were  x-rayed. 

Technical  experts  of  Kelley- 
Koett  Co.,  worked  with  the  Stand¬ 
ard  Oil  Development  Co.  and  M.  W. 
Kellogg  Co.,  general  contractors  for 
the  cracking  unit,  and  stripped 
down  a  standard  220,000-volt  x-ray 
unit  made  by  the  Covington  con¬ 
cern.  After  fitting  the  unit  to  spe¬ 
cial  rigging,  the  equipment  was 
crane-hoisted  from  level  to  level. 

The  x-ray  testing  of  welds  in 
awkward  locations  went  forward 
successfully  despite  rainstorms  and 
unavoidable  jars  and  jolts,  and  is 


Vi«w  of  the  x-roy  control  panel  hanging 
at  on*  of  th*  skyscropor  loTols.  Colored 
signal  lights  replaced  the  doubly  in* 
suloted  telephone  for  communication 
with  operators  at  the  tube  head  when 
construction  noises  were  too  great 

believed  to  be  another  indication 
for  post-war  x-ray  applications  in 


Transformers  and  other  units  of  the  x-roy  machine  were  stripped  of  protective  covers 
to  reduce  weight  The  only  protection  ogoinst  the  elements  is  the  tarpaulin  shown 
rolled  up  atop  the  suspetaded  crib 


The  head  of  the  x-ray  tube  was 
mounted  down  inside  the  reacter  for 
examining  the  welds  in  the  lower  coni¬ 
cal  sections.  A  monorail  carriage  rum 
on  a  track  parallel  to  the  weld  seam 

shipbuilding,  plant  construction  and 
other  heavy-industry  uses.  Solu¬ 
tions  to  some  of  the  unusual  mount¬ 
ing  problems  are  shown  in  the  pho¬ 
tographs. 

Test  Set  for  Strain  Gages  * 

By  E.  H.  Heinemann 

Chief  Engineer 
El  Seffundo  Plant 
Douglas  Airoraft  Co.,  Ino. 

Widespread  application  of  strain 
gage  techniques  to  the  measure¬ 
ment  of  stress  and  strain,  and  for 
the  accurate  determination  of  ap¬ 
plied  loads,  has  necessitated  the 
development  of  many  special  instru¬ 
ments  for  the  manufacture  of 
strain  gages.  The  electronic  instru¬ 
ment  to  be  described  has  proven  ex¬ 
tremely  useful  as  a  limit  indicator 
for  calibrating  gages  in  the  process 
of  manufacture  and  routine  check¬ 
ing  of  gage  installations.  Consider¬ 
able  saving  of  time  is  effected  as 
compared  to  previous  methods  in 
which  a  galvanometer  is  used  as  the 
indicating  device. 

The  instrument  is  shown  in  the 
photographs  and  consists  of  a  nuU 
balance  circuit  using  6E5  tuning- 
eye  tubes  as  null  indicators.  It  is 
compact  and  portable,  is  not  critical 
regarding  severe  handling,  and 
may  be  operated  by  inexiierienced 
personnel.  Small  enough  to  be  set 
up  close  to  the  actual  work,  it  per- 
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Family  Portrait ... 

Bearing  the  Mallory  Stamp  of  Dependability. 

Remarkably  numerous  is  the  family  of  Mallory  drv 
electrolytic  capacitors.  So  numerous,  in  fact,  that  not  all 
its  members  are  pictured  here.  But  one  thing  the  family  has 
in  common — reliability!  You  can  depend  on  a  Mallory  capacitor, 
no  matter  what  the  specific  job  it  was  designed  to  do. 

Mallory  capacitors  are  the  outgrowth  of  years  of  development 
in  Mallory  laboratories.  They  embody  improvements  which 
1^*^**^^  have  contributed  directly  to  the  growth  of  radio  itself.  Today 

satMf  am  you  Sarva  offer  greatly  increased  operating  temperature  ranges  .  .  . 

—BuyWmrBondm  remarkable  reductions  in  size  for  rated  capacity.,  .a  much 

greater  span  of  efficiency  and  life.  In  addition,  Mallory 
improvements  in  handling  methods,  and  in  control  of  source 
materials,  assures  uniform  quality  in  every  capacitor. 

Millions  of  Mallory  dry  electrolytic  capacitors  are  in  service 
today.  They  are  standard  equipment  with  radio  and  electronic 
equipment  manufacturers.  For  specific  data,  write  today  for 
free  literature — or  see  your  nearest  Mallory  distributor. 

P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


ELECTROLYTIC, 

F I LM  AND  PA  PER 

CAPACITORS 
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Bridg*  circuit  and  nlnctronic  amplifinr  used  to  feed  the  grids  oi  the  6E5  indicator  tubes. 
The  plates  oi  these  tubes  ore  supplied  with  a.c.  by  the  high-Toltage  winding  of  the 

power  transformer 


mits  strain  gages  to  be  checked  as 
work  is  in  progress. 

The  gage  under  test  is  connected 
to  two  terminals  on  the  front  panel. 
Evidence  of  faulty  wire  in  the 
gage,  open  gages,  corrosion  of  the 
wiring  junctions,  or  poor  insula¬ 
tion  of  the  gage  to  ground  is  im¬ 
mediately  apparent  as  either  com¬ 
plete  opening  of  the  shadow  angle 
or  as  an  erratic  flutter  in  this  angle. 
Change  of  resistance  in  a  gage  due 
to  aging  or  other  factors  may  be 
determined  in  terms  of  the  stand¬ 
ard  gage  resistance  by  noting  the 
point  on  the  dial  at  which  balance 
is  obtained.  The  balance  dial  is 
graduated  in  percent  tolerance. 

Circuit 

The  circuit  of  the  gage  test  set 
is  shown  in  the  diagram.  In  this, 
the  gage  to  be  tested  becomes  an 
arm  of  the  bridge  circuit  built  into 
the  instrument.  Resistors  have 
been  provided  in  the  bridge  to 
accommodate  200,  400  and  800-ohm 
gages.  Other  sizes  could  be  taken 
care  of  by  additional  resistors  in 
the  reference  arm  of  the  bridge. 

With  the  balance  potentiometer 
set  to  center  position  (zero  on  the 
dial),  any  unbalance  of  the  bridge 
will  be  applied  to  the  first  tube  of 
the  voltage  amplifier.  The  ampli¬ 
fied  output  (60  cps)  of  the  amplifier 


is  applied  to  the  two  grids  of  the 
tuning  eye  tubes  in  parallel.  Since 
these  tubes  have  60-cycle  a.c.  on 
their  plates,  the  shadow  angle  of 
one  or  the  other  of  the  tubes  will 
change,  depending  on  the  phase  re¬ 
lation  of  the  grid  signals  with  re¬ 
spect  to  the  plates. 

The  amount  by  which  the  bal- 


Electronic  tMt  Mt  for  calibrating  strain 
gages  during  manufacture.  The  dial 
adiusts  a  potentiometer  to  balance  a 
bridge  circuit  and  is  calibrated  in  per¬ 
cent  tolerance 

ance  potentiometer  must  be  moved 
in  order  to  return  the  bridge  to 
balance  is  a  measure  of  the  varia¬ 
tion  of  the  gage  resistance  with 
respect  to  the  standard  resistors  in 


the  bridge  circuit.  Balance  is  in¬ 
dicated  by  the  return  of  the  shadow 
angles  to  their  original  setting. 
The  shadow  angles  of  the  6E5  tubes 
are  usually  adjusted  as  close  to 
zero  as  possible  by  means  of  the 
1,000-ohm  potentiometers  which 
vary  the  grid  bias  of  the  6E5’s. 
This  adjustment  is  made  from  the 
front  panel  by  means  of  a  screw 
driver.  The  “check-read”  switch 
is  turned  to  the  “check”  position 
for  this  adjustment  to  remove  the 
voltage  from  the  bridge. 

Resistors  R,,  Ri,  R„  and  Ri  are 


Intnrnal  Tiaw  of  th*  csmponnnts  and 
thair  mountings  in  the  s.rain  gage  test 
set.  The  gam  of  the  amplifier  Is  ad- 
Jus.ed  by  the  shaft  at  the  rear  of  the 
chassis 

all  precision  wire-wound  resistors 
whose  accuracy  is  better  than  0.05 
percent.  These  are  used  as  a  stand¬ 
ard  reference.  The  dial  is  cali¬ 
brated  by  using  an  additional  set  of 
precision  resistors  with  the  speci¬ 
fied  tolerance.  The  dial  divisions 
represent  percent  deviation  from 
the  nominal  values  of  200,  400,  and 
800  ohms.  This  marking  was  used 
since  the  calibration  will  be  same 
for  all  three  ranges. 

The  gain  of  the  amplifier  may  be 
adjusted  from  the  rear  of  the  test 
set  if  necessary.  Spread  of  the 
dial  may  be  varied  by  adjustment 
of  the  two  padding  resistors,  R,  and 
Rt.  To  make  this  adjustment,  the 
unit  must  be  removed  from  the  case 
and  the  dial  recalibrated. 

Operation 

In  using  the  test  set  to  check  a 
gage  already  installed,  the  gage  in 
question  is  connected  to  the  proper 
terminals  on  the  front  of  the  set. 
If  the  shadow  angle  has  been  prop¬ 
erly  adjusted  beforehand,  and  the 
dial  is  at  zero,  the  change  in  angle, 
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A  recently  d«»ign«d  aulemotic  calibrator  for  fro- 
guancy  motars  utad  in  conjunction  with  adding  nta- 
ebinsi  lorgoly  oliminato*  todious  hand  calibration, 
■aiut  man  hours,  roducos  olomont  of  human  orror, 
■■pdi  production. 


hoto  Courtesy  Philco  Corporation 


GUARDIAN 


Th#  Philco  126-fubo  Elgctronic  Calibrator  omployt  a  systom  of  fast  and  slow- 
acting  rolayt  and  solenoids  to  bring  about  dosirod  end  actions.  On*  application 
is  the  transforring  of  readings  from  the  storage  bank  (shown  above)  to  the  key¬ 
board  of  the  adding  machine.  Operated  by  the  plate  current  of  OA4G  tubes  the 
relays  on  the  storage  bank  energize  the  adding  machine  solenoids  which  press 
the  proper  number  key  of  the  adding  machine. 

The  Guardian  Series  120  relay  used  in  this  application  is  a  small,  sensitive 
unit  having  a  minimum  power  requirement  of  0.5  VA  and  an  average  of  2  VA. 
Coils  are  available  in  resistances  from  .01  to  6,000  ohms.  Contact  combina¬ 
tions  up  to  single  pole,  double  throw  with  12.5  amp.  points.  Send  for  Bulletin  120. 

The  solenoid  is  Guardian  Series  4  available  for  either  A.C.  or  D.C  use.  Series 
4  A.C.  at  a  maximum  stroke  of  1*  permits  a  pull  of  14  oz.  intermittent  duty, 
3  oz.  continuous  duty.  Series  4  D.C  at  a  maximum  stroke  of  1'  permits  a 
pull  of  6  oz.  intermittent  duty,  1  oz.  continuous  duty.  Send  for  information. 


Series  4  Solenoid 


Consult  Guardian  whenever  a 
tube  is  used — however — Re¬ 
lays  by  Guardian  are  NOT  lim¬ 
ited  to  tube  applications  but 
are  used  wherever  automatic 
control  is  desired  for  making, 
breaking,  or  changing  the  char¬ 
acteristics  of  electrical  circuits. 


GUARDIAN  ^ELECTRIC 

1625-H  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 


.  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 

A  etertiTi  use  sr  ifiars  sisfias  tMiiicas  isssstiv 
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in  operation  within  80  minutes.  The 
sections  are  first  assembled  on  the 
ground,  then  the  base  end  is  set 
into  a  hinged  metal  socket  fixed  to 
the  ground  by  long  spikes,  and  the 
mast  raised  by  a  boom.  Once  erect, 
it  is  braced  in  position  by  two  sets 
of  three  guy-wires  which  run  out 
to  a  radius  of  13  feet.  The  guys  are 
attached  to  long  pegs  hammered 
into  solid  ground  or  to  corkscrew¬ 
shaped  anchors  driven  into  soil. 

The  plywood  tubes  forming  the 
mast  are  four  inches  in  diameter 
and  have  a  wall  thickness  of  I  in. 
The  fifty-foot  mast  is  composed  of 
four  sections  about  eleven  feet  long, 
plus  a  top  section  of  four  feet,  eight 
in.  Plywood  sleeve  couplings  are 
used  at  the  joints  and  are  fastened 
by  metal  collars  drawn  tight  by 
eye-bolts.  Mast  sections  strapped 
tions,  enough  for  150  masts  of  the  into  one  bundle,  with  squares  of 
75-foot  height,  can  be  loaded  into  a  pl5rwood  protecting  the  ends  from 
single  trailer-truck.  Complete  masts  damage  and  providing  a  solid  base 
can  be  packed  by  the  dozen  on  trans-  for  packing,  form  a  package  that 
port  planes  and  flown  anywhere.  weighs  162  pounds.  Guy-wires, 
Three  men  can  erect  the  plywood  hardware,  and  square  parts  are 
mast  and  have  the  radio  equipment  packed  separately. 


if  any,  will  indicate  deviation  in 
resistance  from  that  of  the  stand¬ 
ard.  Erratic  fluttering  of  the 
shadow  angles  indicates  faulty  in¬ 
stallation. 

If  the  set  is  to  be  used  for  adjust¬ 
ing  gages  during  manufacture,  the 
procedure  is  the  same  as  above  ex¬ 
cept  that  the  bridge  is  made  to 
balance  by  adjusting  the  resistance 
of  the  gage  itself.  This  may  be 
done  while  the  gage  is  connected  in 
the  circuit.  The  advantage  of  this 
method  is  that  the  operator  may 
use  both  hands  for  soldering  and 
adjusting,  while  at  the  same  time 
observing  the  shadow  angle.  It  is 
not  necessary  to  wait  for  a  galvano¬ 
meter  to  come  to  rest  before  read¬ 
ing  the  indication. 

It  is  possible  to  hold  gages  to 
better  than  0.02  percent  of  the 
value  of  the  standard  resistors  with 
this  method,  without  sacrificing 
quantity  of  production. 


Lightnau  ond  strength  of  tho  tabular 
plywood  mast  oro  domonstratod  by  o 
workman  at  tho  plant  of  Maryland 
Enginoorlng  Cow  monufactarors  of  tho 
most 


Planes  Deliver  Plywood 
Radio  Masts 

Radio  cximmunications  equipment 
flown  into  captured  air  fields  in¬ 
cludes  a  sectional  antenna  mast  of 
tubular  plywood  devised  by  the  sig¬ 
nal  corps.  First  used  in  the  Afri¬ 
can  campaign,  the  mast  weighs  but 
a  fraction  of  solid  wood  or  metal 
masts  which  were  cumbersome  to 
handle.  Two  miles  of  plywood  sec- 


Electronic  Cooking  and  Sterilization  of  Foods 

In  one  investigation  of  the  use  of  range  from  excellent  to  poor,  ac- 
electronic  equipment  for  cooking,  cording  to  data  presented  by  V.  W. 
experiments  have  been  made  on  a  Sherman,  manager  of  the  Indus- 
great  variety  of  food  products,  trial  Electronics  Division  of  Fed- 
These  have  included  cereals,  steaks,  eral  Telephone  and  Radio  Corp.,  in 
breads  and  sea  food.  The  results  a  paper  delivered  before  the  Chi- 
obtained  have  varied  widely  and  cago  chapter  of  the  Institute  of 

Food  Technologists  in  May. 

BHe  reported  that  cases  of  non- 

uniform  heating  were  traceable  to 
the  geometry  of  the  part.  For  ex¬ 
ample,  in  cooking  oysters,  it  was 
observed  that  since  a  portion  of  the 
oyster  was  higher  than  the  re¬ 
mainder,  the  highest  part  received 
the  maximum  heat  and  actually  be¬ 
gan  to  carburize  or  burn  before 
complete  cooking  had  taken  place 
in  the  thinner  sections.  In  the  case 
of  steak,  heat  seemed  to  develop 
uniformly  during  the  early  stages, 
but  sometimes,  during  the  latter 
stages,  grease  released  by  the  heat 
concentrated  in  the  lower  portions 
of  the  meat  and  resulted  in  a  non- 
uniform  distribution  of  heat.  In 
the  case  of  breads,  very  satisfactory 
results  were  secured  provided  the 
lower  plate  was  preheated  so  as  not 
to  chill  and  thereby  retard  the  heat¬ 
ing  of  the  dough  in  contact  with  it, 


Complet*  kit  oi  units  forming  the  plywood  antenna  most  that  is  flown  to  captured 
airfields  for  ground-to-plane  communication  by  the  Army  Air  Force.  Three  men  con 

erect  it  in  30  minutes 
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When  the  hour  of  Victory  arrives,  industry  can 
count  on  IRC  to  supply  its  pent-up  needs  for 
all  types  of  resistors.  Mass  production  methods 
now  in  operation  in  these,  the  world’s  largest 
resistor  plants,  assure  ample  quantities  at  favor¬ 
able  trices. 

AN  INVITATION 

If  resistances  will  play  a  part  in  your  post-war 
products,  consult  IRC.  You’re  sure  to  obtain 
unbiased  counsel  because  IRC  makes  a 
broad  and  varied  line ...  is  not  limited 
to  just  a  few  specialties.  Naturally,  ^ 
your  confidence  will  be  respected.  ^ 


NOTE  THESE  QUALITY  FEATURES 
OF  IRC  MP  HIGH  FREQUENCY  RESISTORS 

1.  Extra  strong  ceramic  tube  has  exceptionally 
low  loss  characteristic  at  high  frequencies. 

2.  Metallized  filament  coating  is  of  high  specific 
resistance  and  eliminates  skin  effect  at  U.  H.  F. 

3.  Several  baked  coatings  of  special  varnish  pro¬ 
vide  adequate  protection  against  the  effects  of  hu¬ 
midity  and  shield  resistor  from  mechanical  injury, 

4.  Pre-curing  and  stabilizing  of  resistance  coating 

at  high  temperatures  eliminates  appreciable 

,  5.  Tests  indicate  that  water  cooling  at 

^  tap  pressure  increases  power  rating 
*7  approximately  ninety  times. 


INTERNATI 


or  possibly  the  action  of  the  leaven¬ 
ing  agent. 

Cost  of  Cooking 

The  possibility  of  using  elec¬ 
tronic  heat  as  a  domestic  cooki:  g 
medium  has  often  been  considered, 
but  the  economic  aspect  is  the  r(  al 
drawback  to  its  immediate  utiliza¬ 
tion  in  the  home,  according  to  Mr. 
Sherman.  He  stated  that  a  two- 
quart  container  is  entirely  prac¬ 
tical  for  electronic  cooking  and 
would  require  about  2  kw  of  energy. 
However,  the  cost  is  prohibitive  at 
the  present  time  due  largely  to  the 
fact  that  the  power  tubes  require 
an  expensive  high-voltage  power 
pack. 

Development  of  power  tubes  cap¬ 
able  of  operation  on  plate  voltages 
as  low  as  440  or  even  220,  would 
eliminate  the  pack  expense  and  pro¬ 
vide  a  relatively  low-cost  source  of 
high-frequency  energy  for  cooking. 

Heating  of  food  products  for  pur¬ 
poses  other  than  cooking  or  dehy¬ 
dration  was  exemplified  by  succe.ss- 


'HE  greatest  single  factor 


in  the  wide  acceptance 
I  of  Jefferson  Electric  Transformers,  is  the  ability  to 
insure  “quality"  while  producing  in  great  quantities. 

If  you  need  a  few  or  a  million,  Jefferson  Electric 
facilities,  experience  and  manufacturing  control  insure 
like  quality  for  all. 

Reports  from  all  over  the  world  emphasize  the  value 
of  Jefferson  Electric  Transformer  reliability  under  all 
manner  of  conditions, — from  the  Arctic  to  the  Equator 
— from  the  moisture-laden  coastal  regions  to  the  arid 
desert  areas. 

With  all  factors — engineering,  designing,  research, 
manufacture  of  all  components  under  one  control,  in¬ 
surance  of  “quality"  with  quantity  is  secured.  You  can 
bring  your  particular  requirements  to  “transformer 
headquarters"  with  full  confidence  that  recommenda¬ 
tions  and  suggestions  will  help  you  save  time — and  the 
transformers  furnished  whether  in  small  or  large  quan¬ 
tities  will  be  alike  in  quality. . . .  JEFFERSON  ELECTRIC 
COMPANY,  Bellwood  (Suburb  of  Chicago),  Illinois. 
Canadian  Factory:  60-64  Osier  Ave.,  W.  Toronto,  Ont. 


FREQUENCY  IN  MEGACYCLES 


The  relation  between  electrical  lose  ioc- 
tor  and  frequency  is  shown  by  tht 
curyes  oboTe  for  a  representatiye  selec¬ 
tion  of  foods 


ful  work  in  heating  cakes  of  choco¬ 
late  to  the  melting  point  for  the 
purpose  of  converting  it  into  a 
liquid  state  so  that  it  could  be  more 
readily  handled. 

Another  example  was  the  heating 
or  roasting  of  cocoa  beans.  It  was 
found  possible  to  spread  these  on 
a  belt,  pass  them  between  plates 
carrying  radio  frequency  energy 
and  thus  heat  the  cocoa  beans  so 
rapidly  as  to  shell  them  by  a  sort 
of  explosive  action.  An  interesting 
possibility  in  connection  with  this 
was  that  continued  heating  re- 
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in  Miesistanee  to 


Corrosion  and  Moistnre 


This  is  a  standard  test  at  Shure  Brothers.  The  microphone 
is  connected  to  the  air  pressure  line  and  submerged.  No 

bubbles— its  **insides”  are  protected  against  rain  and  ocean 
spray.  More  than  that,  Shure  engineers  have  successfully  defeated 
corrosion  of  iron,  steel,  brass  and  aluminum  microphone  parts— and  they 
were  the  first  to  moisture-proof,  successfully,  Rochelle  Salt  Crystal 
Microphones.  You  may  well  look  to  Shure  engineers  to  provide  you  with  better 
microphones  and  headphones. 


SHIJIIB  BROTHERS,  235  Weftt  HarM  Street,  Chieage 

Deaignera  and  Munufacturera  of  Microphonea  and  Aeouatic  Devicea 
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R  O  P  H  O 


FAST 

DFUVFRiFS 


=  TYPES  UP 
TO  30  KV 
30,000  VOLTS 


ENGINEERING  •  DESIGNING  •  MANUFACTURING 


leased  oils  from  the  cocoa  beans  and 
this  may  have  future  commercial 
value. 

Sterilization  \of  food  products 
has  developed  into  perhaps  the  most 
important  food  job  for  electronic 
heat  at  the  present  time.  Whether 
it  will  continue  to  hold  this  position 
remains  to  be  seen,  but  there  is 
now  a  very  imposing  list  of  appli¬ 
cations. 


A  number  of  slides  were 
shown  illustrating  the  electrical 
loss  factor  of  various  foods  with 
various  water  contents. 


Electronic  Sterilization 


Loss  due  to  insects  in  grain  prod¬ 
ucts  amounts  to  hundreds  of  mil¬ 
lions  of  dollars  per  year.  The  sub¬ 
ject  of  insect  damage  in  stored 
grain  products  and  in  food  in  gen¬ 
eral  is  one  of  extreme  importance 
not  only  from  the  standpoint  of 
monetary  loss  but  also  from  the 
standpoint  of  public  reaction. 

Two  boundary  temperatures  have 
been  tentatively  fixed  in  the  food 
sterilization  problem.  An  air  tem- 


Shollcross  Portable 
KILOYOLTMETERS 


Now  avedlable  for  rapid  delivery,  Shedl* 
cross  Kilovoltmeters  are  produced  in  a 
complete  line  for  the  measurement  of  the 
high  potentials  encountered  in  radio  trems* 
mitters,  radar,  television  equipment,  X-ray 
systems,  dust  precipitators,  and  similar 
high-voltage  equipment.  Ruggedly  con¬ 
structed,  yet  hght  in  weight,  the  instru¬ 
ments  eure  suiteJsle  for  either  laboratory  or 
field  work,  emd  are  entirely  safe  in  opera¬ 
tion.  Full  scale  accuracy  on  a  typical  1,000 
ohms-per-volt  Shallcross  D.  C.  Kilovolt- 
meter  is  ±  2%.  The  accurate  fixed  wire 
wound  resistors  aie  closely  Ccdibrated  and 
properly  aged.  Corona  protected  resistors 
cem  be  supplied  for  measurements  up  to 
200  KV. 

In  addition  to  its  standard  line,  Shallcross 
likewise  produces  regularly  a  wide  variety 
of  "tailor-made"  Kilovoltmeters  and  high 
voltage  Meter  Multiphers  to  match  in^- 
vidu^  requirements.  Write  for  details  or 
engineering  recommendations. 


Other  Shallcross  High- 
Voltoge  Equipment 


Kilovoltmeter 

Multipliers 


TIME  IN  SECONDS 

Chang*  oi  temperatur*  and  power  with 
heating  time  for  BUquick  ndx  in  dry 
form.  Here  the  power  input  remained 
practically  conitont  during  iteriliiation 

perature  of  180  deg  F  is  considered 
as  maximum  allowable  temperature 
for  drying  wheat  without  injury 
to  the  milling  and  baking  qualities, 
while  a  temperature  in  the  neigh¬ 
borhood  of  130-140  deg.  F  is  re 
quired  to  destroy  insect  life. 

In  the  sterilizing  of  food  with 
electronic  heat,  the  product  can  be 
treated  after  packaging.  For  ex¬ 
ample,  a  carton  containing  24  boxes 
of  pancake  flour  can  be  sterilized  as 
a  complete  unit  on  its  way  to  the 
warehouse.  A  heat-treat  time  ^ 
10  to  30  seconds  is  usually  adequate 


Corona-protected 

High-Voltage 

Resistors 


Special  Apparatus 
for  Any  High-Voltage 
Measmring 
Requirement 


WWf*  for  Dotoih 


ELECTRONIC! 


NEW :  The  same  equipment  redesigned  and 
housed  in  a  Lindsay  Stniaure  cabinet  built 
by  Russell  R.  Gannon  Company.  Cincinnati. 


OLD:  Electrical  therapy  equip' 
ment  housed  in  heavy  cabinet 
of  ordinary  construction. 


THESE  PRE-FORMED  ALL-STEEL  HOUSINGS 
_ ,  SAFEGUARD  YOUR  EQUIPMENT 


Cabinets  and  housings  that  are  light,  strong,  and  streamlined  in 
design  can  quickly  be  assembled  from  Lindsay  Structure,  modern 
method  of  light  steel  construction.  Utilizing  all  the  strength  of  light 
metal  sheets  through  uniform  tensioning,  Ls  resists  racking  and  strain 
— protects  delicate  electrical  and  electronic  equipment  against  damage, 
dust,  and  moisture.  No  welding,  riveting,  trimming,  or  special  tools  are 
required  for  its  assembly. 

All  parts  for  Ls  are  die'formed  to  exact  specifications;  completed 
units  have  an  attractive  machine'hnished  appearance.  Equipment  and 
housing  alike  are  readily  repaired  when  Ls  is  used;  parts  for  Ls  are 
interchangeable,  and  readily  available,  while  removal  of  the  nearest 
panel  leaves  the  mechanism  beneath  it  accessible  for  servicing. 

Investigate  the  advantages  of  Lindsay  Structure  today.  Send  drawings, 
data,  or  blueprints  to  Lindsay  and  Lindsay,  222-D  West  Adams  Street, 
Chicago  6,  Illinois;  or  60  East  42nd  Street,  New  York  17,  New  York. 


Efectro-encephalo' 
paph  in  iu  oripnal 
form,  mountca  on 
telephone  relay  raclu 
and  weighing  800 
pounds. 


The  tame  equip¬ 
ment  redesigned  for 
mounting^in  an  La 
cabinet.  The  unit  it 
easily  moved,  weight 
only  200  pounds. 


LINDSAY 

Is  STRUCTURE 

U.  S.  PotenH  20I7A29 . 2263510,  2263511 


Lindsay  Structure 
method  of  assembly. 
Units  of  Ls  arc  easily 
assembled,  disatsem- 


U.S.ond  Foreign  Patent,  and  Patent,  Pending 
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I NTELL  GENTLY 


fPF£D/ir. 


The  Lafayette  Radio  Corp.  organization,  built  soundly  over  a 


period  of  2S  years,  functions  in  two  key  shipping  centers— Atlanta 
and  Chicago. Yes  we  maintain  tremendous  stocks  of  radio  and  electronic 
components  and  equipment.  But,  equally  important,  there  are  "brains" 
to  go  with  them.  Our  men  are  truly  appreciative  of  what  you  are  up 
against  these  days... whether  you're  a  giant  of  industry,  the  little  service 
man  around  the  comer,  or  represent  a  militory  agency  or  training  school. 

Because  we  are  well  versed  in  all  fields  utilizing  electronics,  your  orders 
are  handled  intelligently.  At  uur  ingertips  is  complete  data  on  shipping 
routes,  priorities,  effective  substitutes ...  oil  things  a  purchosing  agent 
wonts  to  know.  Write,  wire,  telephone  or  teletype  —  get  to  know  the 
superior  service  of  Lafayette  Rodio  Corp. 


MEW—  t-ffap*  OUCUIAK,  litHmg  nrnrehamdim  avaihbh  tor  Imim^ 
Mt¥wy,  b«  nuhtd  lo  yow  ea  laouMf.  All  Bum  or*  tubfacT 

•»  pHu  tola.  WrOa  or  win  Dtpl.  97. 


S*  Wa  <pa<fafiia  la  aquipmuB  for  laboratory  ami 
u^nrimuBal  uaa.  Sack  oquipmoiB  buih  to  your  «pac*- 
icaliaa^  B  yov  dadra. 


to  develop  a  temperature  of  180 
deg  F.  Experiments  have  shovti 
that  complete  destruction  of  all  in¬ 
sect  life  is  accomplished  in  this 
short  time.  The  power  required 
depends  upon  lb  per  hour. 


The  cost  of  the  heat  treatment 
and  also  the  power  required  are 
both  low.  The  3-kw  output  unit 
will  develop  over  10,000  btu  per 
hour  and  is  operated  for  a  power 
cost  of  Sf*  an  hour  based  on  1^  ^rer 
kw-hour  rate.  Under  these  condi¬ 
tions,  about  480  one-lb  packages  t  an 
be  sterilized  each  hour  for  5/  worth 
of  power.  The  total  cost,  including 
not  only  power  but  also  vacuum 
tubes  and  amortization  of  the  3-kw 
equipment  over  a  10  year  period, 
would  amount  to  17^  per  hour. 

The  maintenance  of  electronic 
equipment  is  practically  limited  to 
the  replacement  of  tubes.  Power 


EiME  INJSCCONDS 


As  shown  in  the  cxirr*  oboTO.  poa  soup 
powder  took  about  50  percent  mora 
power  at  the  end  of  the  run  than  at  tlw 
beginning  of  electronic  sterilizotion 


901  W.  Jackson  Blvd.,  Chicago  7,  Illinois 'Ar  265  Peachtree  Street,  Atlanta  3,  Georgia 


tubes  have  an  average  life  of  about 
5,000  hours.  In  the  case  of  recti¬ 
fier  tubes,  10,000  hours  is  com¬ 
monly  obtained. 

Generation  of  heat  in  a  food 
product  is  accomplished  by  means 
of  dielectric  hysteresis ;  that  is,  the 
molecular  friction  experienced  by 
the  food  particles  under  the  itctinn 
of  an  alternating  electrostatic  field. 
The  heat  developed  per  pound  of 
food  per  second  may  be  exp  res 'f  I 
mathematically:  H  =  C  X  L.F.  xj 
/  X  V‘,  where  H  =  rate  of  heat  in 
btu  per  second  per  pound  of  mate¬ 
rial  ;  C  =  a  constant  involving  den 
sity,  specific  heat  and  unit  conver 
sion  factors ;  L.F.  =  loss  factor  ex- 
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COLD-FORGING 
SKILLFULLY  EMPLOYED 
LICKED  THIS  i 
FASTENING  PROBLEM 


proof  #21... 
more  each  month 


The  specied  fastening  illustrated  here  may  not 
look  tough  to  everyone ...  but  design  engineers 
will  recognize  immediately  this  job  called  for 


NEW  YORK.  Chryslw  BaiUtof  .  DETROIT.  714  Fhlwr  BriUtaf  .  CHICA60. 1221  W.  WiskhutM  IwHfrt  .  PtNLAOELPfRA.  11 «.  CMIn  kmm  WUm 
niT  ;buR6H.  2112  W.  likwtY  An.  •  SYRACUSE.  Syracm  •  RMpn  Iramea  BMg. .  LOS  ANSaES,  2127  1  Sala  a  .  SAN  FRANOSCO.  4M  IraMM  SL 
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feistening  experts  —  both  in  tool  design  and  cold¬ 
forging  technique. 

Scovill  has  what  it  takes  in  cold -forging  skill 
to  assure  delivery  of  fastenings  to  meet  your  exact 
requirements — with  maximum  savings  in  money 
—  matericds  —  motions. 

What's  more — you  can  rely  on  Scovill  judgment 
to  help  you  determine  the  fastening  best  suited 
for  your  assembled  product.  Make  use  of  Scovill's 
meiny  years  of  experience  by  calhng  in  one  of 
our  Fastenings  Experts.  He  will  help  you  not 
only  choose  between  "special"  and  "standard", 
but  in  designing  a  peirt  to  fill  your  specific  need. 


Keep  your  fastezxings  problems  from  becorrung 
really  tough  — as  other  Scovill  customers  have 
done— by  calling  in  one  of  our  Fastenings  Experts 
when  your  product  is  still  in  the  design  stage. 


Scovill  manufacturing  Company 


Waterville 


SCREW 

PRODUCTS 


Division 


WATERVILLE  40,  CONN.  !  I  TEL.  Waterbury  3-3151 


A  contiBuoaa  b«h  has  dmb  addsd  (o 
this  Msgathsnn  •Isctronic  hooting  unit, 
mads  by  Fsdsrol  TsL  &  Radio  Corp, 
for  conTsying  packagss  of  food  prod* 
nets  bstwssn  mstal  platss  lor  dlslsctric 
hooting  to  prorido  storilisatioa 

pressed  as  a  decimal ;  /  =  frequency 
in  megacycles;  V  =  volts  per  inch 
of  preform. 

It  will  be  observed  on  examina¬ 
tion  of  the  formula  that  the  heat 
per  pound  per  unit  time  can  be  in¬ 
creased  most  rapidly  by  increasing 
voltage.  By  doubling  the  applied 
voltage,  the  rate  of  heating  is  in¬ 
creased  4  times.  It  is  also  possible 
to  increase  the  heating  rate  by  in¬ 
creasing  frequency  while  at  the 
same  time  allowing  the  voltage  to 
remain  fixed.  As  a  practical  mat¬ 
ter,  however,  if  the  frequency  is  in 
the  order  of  10-20  Me,  all  of  the 
common  food  materials  can  be  read¬ 
ily  handled  at  voltages  safely 
within  their  dielectric  strength. 

For  many  practical  reasons,  it  is 
not  desirable  to  use  an  excessively 


0  5  K)  IS  20  25 

FREQUENCY  IN  MEGACYCLES 

Loss  factor  curres  for  too  ond  thn* 
forms  of  coffoe.  ground,  drip  and  pal- 
Tsrisod.  show  thot  the  loss  foctoi  k 
substanUolly  independent  of  fregnencT 
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ST&NCOS 

STANDARD  TRANSFORMER  CORPORATION 
1S00  NORTH  HALSTED  ST.  •  CHICAGO  22 


Manufacturers  of  quality  transformers, 
reactors,  power  packs  and  allied  products 
for  the  electronic  industries. 


Distant  flashes  of  lightning  were  used  to  magnetize  needles 
by  Joseph  Henry  during  his  experiments  at  Princeton  in  the 
1840's.  The  needles  were  placed  in  coils  attached  to  a  metal 
roof  and  grounded.  This  little-known  incident  demonstrated 
to  Henry  that  electromagnetic  force  was  propagated  — 
"wave-fashion." 

Electronic  research  is  an  ever-unfolding  drama  that  often 
magically  turns  into  real-life  factors — as  Stancor  engineers 
discover  almost  daily — and  the  values  of  which  they  build 
into  the  devices  now  being  perfected  for  better 
coordination  and  control  of  communication. 


SEND  FOR  NEW  COMPLETE  CATALOG 


This  NEW  ACRO  MINIAC-^he 
smallest  fully  enclosed  snap- 
action  switch  in  production  and 
use  —  is  built  with  the  well- 
known  patented  ROLLING  SPRING 
that  eliminates  friction,  maintains 
higher  contact  pressure  and  pro¬ 
longs  life. 

Built  with  a  bakelite  case,  it  is 
only  1-3/16^'  long,  13/16'^  wide 
and  only  a  trifle  over  1  thick. 
Designed  with  4  mounting  holes 


3/32'^  diameter.  Unusually  well 
adapted  for  stacking  in  multiple 
assemblies.  Stainless  steel  pin 
actuator.  All  parts  are  non-corro¬ 
sive.  All  contacts  are  of  fine  silver. 
Blades  and  rolling  spring  of  beryl¬ 
lium  copper.  Single  pole,  normally 
open  or  normally  closed  and 
double  throw.  Available  with  air 
gaps,  .01  O''  to  .040".  Standard 
operating  pressures  in  3  ranges 
from  5  oz.  to  20  oz. 


RATED  AT  15  AMPS.,  115  VOLTS,  A.C. 
Write  for  details  today. 


ACRO  ELECTRIC  COMPANY 

1316  Superior  Avenue,  Cleveland  14,  Ohio 

N«w  York,  Chicago,  iuffolo,  Dotroit,  Dallas,  Omaha,  St.  Pawl,  Kansas  City,  Momphis,  Tampa, 
iaitimoro,  Now  Orloans,  Phoonix,  Us  Angolos,  Dayton,  Toronto,  Canada  - 


high  frequency.  It  is  good  en^- 
neering,  however,  to  take  full  .id- 
vantage  of  the  highest  conservative 
working  voltage. 

Certain  operating  data,  such  as 
electrical  loss  factors,  and  also  ihe 
appearance  of  the  heating  fixtures 
and  the  appearance  of  the  elec¬ 
tronic  unit  itself  can  be  .n.ore 
clearly  understood  by  studying  the 
accompanying  illustrations. 


Electronic  Voltmeter  with 
5-ma  Meter 


By  Edward  M.  Yard 


Most  vacuum-tube  voltmeter  de¬ 
signs  incorporate  a  sensitive  indi¬ 
cating  meter,  usually  a  microum- 
meter  requiring  only  100  to  200 
microamperes  for  full-scale  deflec¬ 
tion.  With  a  single  d-c  amplifier 
stage,  the  minimum  full-scale  di¬ 
rect  voltage  range  is  often  3  to  6 
volts.  It  is  frequently  convenient 
to  have  slightlv  lower  full-scale 
ranges  for  use  in  ordinary  testing 
in  laboratory  or  shop,  and  often 
desirable  to  obtain  these  ranges 
without  the  necessity  of  using  mi¬ 
croammeters  or  complicated  cir¬ 
cuits  involving  more  than  one  stage| 
of  d-c  amplification. 

With  regard  to  the  meter,  it  isl 
no*t  intended  to  question  the  prac-| 
tical  qualifications  of  a  microam- 
meter  for  voltmeter  service,  but  tol 
point  out  that  nowadciys  a  milliain{ 
meter  is  frequently  available  where] 
a  microammeter  is  not.  The  mil  l 
liammeter  has  the  adiitional  ad¬ 
vantage  of  lower  cost  and  somewhat 
greater  mechanical  and  electrica 
stamina.  Any  of  these  factors  mayj 
be  sufficient  to  influence  the  desir 
to  design  a  practical  electronic  volt^ 
meter  having  a  d-c  full-scale  range] 
in  the  neighborhood  of  1  volt  usii 
a  2  to  5-milliampere  meter. 

Electronic  voltmeters  utilize 
vacuum-tube  as  a  d-c  ampUfierJ 
thus  securing  the  advantage  of 
high  meter  input  resistance  with] 
out  the  necessity  of  using  a 
vanometer  of  high  internal  resist 
ance.  This  is  possible  by  virtue  o! 
the  high  grid  input  resistance  ol 
most  high-vacuum  tubes  when  oper 
ated  with  the  grid  negative  witli 
respect  to  the  cathode.  These  cir 
cuits  are  usually  operated  witl 
large  amounts  of  degenerativ* 
feedback  and  low  anode  potentiali 
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AUDIO  MIASUAINO  IQUIPMINT 
Th*  68-B  Baal  Fraquancy, 

Oidltalor  (at  right)  and  lha  69-C 

Distortion  ond  Neita  Malar  (balow) 

ora  motchad  units  davalopad 

for  lha  singla  pvrposa  of  maasuring 

tha  fraquancy  rasponsa,  distortion  and  noisa 

charactaristics  of  broadcast  aquipmant. 

Tha  only  audio  maasuring  units 
dasignad  aspacially  for  tha  purposa. 


thay  ora  idaolly  suitad  for  maosuramants 

on  saparota  ampliflars, 

complata  audio  chonnals  and  Iransmittars 

of  oil  typas,  including 

AM,  FM  and  Talavision  Audio. 

Thasa  or  lha  pracading  modals  of  tha 
soma  sarias  ora  in  usa  in  naarly  avary  madium 
or  lorga  stotion,  in  natwork  studios 
ond  in  lha  loboratorias  and  last  sat-ups 
of  most  monufoclvrars. 


TILIVISION  MONITOIS 
For  Talavision  Broadcosting 
RCA  davalopad  and  producad  the  only  lina 
of  last  and  monitoring  aquipmant 
spacifkoNy  dasignad  for  Talavision  usa. 

This  lina  indudas  lha  3S1*A 
Vidao  Swaap  Oscillator  shown  obova,  lha 
3S0-A  Squora-Wava  Ganarotor,  lha  71 S* A 
loboralory-typa  Oscilloscopa  ond  olhar 
units  of  matching  dasign. 
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FIILD  INTINSrrr  MBTIAS  —  RCA  fitld  intentity 
meters  have  been  the  industry's  standard  for  over 
ten  years.  The  latest  models  are  the  308-A  Broad¬ 
cast  Field  Intensity  Meter,  covering  the  range  from 
120  kc.  to  18,000  kc.,  and  the  30I  B  High- 
Frequency  Field  Intensity  Meter,  covering  the 
range  from  20  me.  to  125  me.  They  may  be  used 
as  portables,  as  shown  here,  or  adapted  for  perma¬ 
nent  mounting  ia  station  wagon  or  truck. 
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I  i'.r  star  w  ill  ser\e  .is  an  inceii-  ' 
rise  to  The  Arnold  laii^ineerin;.: 

(  Ompanv  to  continue  with  the  s.ime 
hiph  devotion,  eneri^v  and  skill  to 
turn  our  products  tor  the  war  eltort 
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147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS 
Sp*cio/ii(i  in  the  Manufacture  of  ALNICO  PERMANENT  MAGNETS 


in  order  to  obtain  hisrh  circuit  sta¬ 
bility  and  maintain  the  highest  pog. 
sible  grid  input  resistance.  In  such 
circuits,  the  criterion  in  determin¬ 
ing  tube  choice  is  the  minimum 
order  of  grid  current  obtainable  in 
the  circuit  Special  tubes  have 
been  built  for  such  service,  where 
maximum  input  resistance  is  the 
primary  concern. 

However,  such  extremely  high 
input  resistance  values  are  not  al¬ 
ways  necessary.  Where  input  re¬ 
sistance  of  the  order  of  one  meg¬ 
ohm  per  volt  is  satisfactory,  which 
is  true  of  a  large  percentage  of  the 
work  for  such  a  voltmeter,  it  is 
possible  to  design  a  d-c  amplifier 
with  considerably  higher  current 
handling  ability  (power  output)  by 


Ohms 


D-C  vofhs 


Harnesses  or  other  wiring  assembly  in 
your  plans,  now,  or  for  the  future,  in- 
^vidually  designed  by  HOWARD!  ^nd 
your  specifications  to  HOWARD,  spe- 
dalists  in  the  design  and  manufacture  of 
radio  equipment. 
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Fig.  1 — CoaspUt*  drenit  of  the  electronic 
Toltmeler  using  a  0-5  ma  milUmnineler. 
Voltoges  roosges  irons  1.5  to  500  volts 
ore  covered  with  cm  input  redstonce  oi 
one  megohm  per  volt 


taking  advantage  of  tubes  having 
higher  transconductance,  and  by 
reducing  degenerative  feedback. 
This  can  be  accomplished  with  ade¬ 
quate  stability  for  the  purposes  in¬ 
tended  in  circuits  of  rather  conven¬ 
tional  configuration.  Such  circuits 
will  yield  meter  defiections  of  5  ma 
for  one  volt  input  or  even  less. 

Tube  Types 

Tubes  such  as  the  6AG7,  1852, 
1851,  and  70.L7  are  available  and 
have  a  transconductance  between 
5,000  and  10,000  microhms.  A 
suitable  tsrpe  must  have  high  trans- 
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BODY  (400) 


CENTRALAB  occupies  a  distinctive  place  in  the  industrY  with  its  C<»1 
Forms  oi  Steatite  and  Centradite*.  Countless  new  uses  lor  these  cera^ 
mics  are  being  developed  daily  in  industry.  The  unique  electrical  and 
physical  characteristics  oi  these  ceramics  are  being  combined  in  var* 
ious  ways  to  form  new  applications.  Our  laboratory  and  engineering 
iadlities  are  at  your  disposaL  Write  for  Bulletin  720. 
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if  They  look,  measure  and  operate  the  same 
—these  Clarostat  wire-wound  and  composi¬ 
tion-element  midget  controls.  Fully  inter¬ 
changeable,  mechanically.  Can  be  made  up 
in  various  tandem  assemblies. 

Clarostat  Type  37  midget  composition- 
element  controls  have  been  available  tor 
several  years  past.  Their  stabilized  element 
has  established  new  standards  for  accurate 
resistemce  values,  exception^  immunity  to 
humidity  and  other  climatic  conditions,  and 
long  trouble-proof  service. 

And  now  the  Clarostat  Type  43  midget 
wire-wound  control  is  also  available,  to 
match  Type  37  —  matched  in  appearance, 
dimensions,  rotation,  switch. 

For  neatness,  compactness,  convenience, 
trouble-free  operation— just  specify  these 
Clarostat  matched  midget  controls. 


Clarostat  Type  43 
WIRE-WOUND  MIDGET 

Smallest  unit  now  available 
pi  that  rating. 


Rated  at  2  watts.  1  to  10.000 
ohms. 

Viuuv.  ,  ,  , 

Matches  Clarostat  Ty|M  37 
midget  composition-element 
control— in  appearance,  di¬ 
mensions.  rotation,  switch. 


Available  with  or  without 
power  switch.  -  - 


Available  in  tandem  assem¬ 
blies— suitable  combinations 
^  wire-wound  and  compo¬ 
sition-element  controls. 


Type  37  composition-ele¬ 
ment  controls  rated  at  1 
watt.  500  ohms  to  5  meg¬ 
ohms. 


ir  Write  for  literature.  Submit  that  re¬ 
sistance  or  control  problem.  Let  us 
quote  on  your  requirements. 


conductance,  adequate  plate  current 
handling  capacity,  and  a  relatively 
straight  line  plate-current-to-gi  id- 
-voltage  curve  over  the  operating 
range  (sharp  cut-oflf  rather  than 
variable-mu).  The  above  naned 
tubes  among  many  others  would 
satisfy  these  conditions. 

Some  initial  experimental  work 
was  done  with  a  6J5.  The  results 
were  satisfactory,  but  this  tube  was 
discarded  for  those  of  higher  trans¬ 
conductance  in  order  to  obtain  low¬ 
er  full  scale  voltage  ranges.  In  the 
instrument  described,  an  1851  was 
used  because  there  was  one  on 
hand,  and  because  it  has  a  trans¬ 
conductance  of  9000.  The  above 
values  of  transconductance  are  for 


Fig.  2 — Stripped  to  essentiala.  the  elec-  i 
tronic  voltmeter  contiita  oi  o  bridge  | 
dreuit  in  which  the  current  flow  in  the 
milliconmeter  ia  proportional  to  the  un¬ 
balance  of  the  bridge 

characteristic  operating  conditions 
as  an  amplifier  and  are  used  here 
only  for  general  comparison  pur¬ 
poses. 

The  reduction  in  feedback  can  be 
accomplished  while  maintaining  the 
bias  requirements  by  tapping  the 
cathode  of  the  d-c  amplifier  to  a 
point  on  the  power-supply  voltage 
divider  which  carries  a  relatively 
heavy  bleeder  current.  This  method 
proved  much  simpler  than  others 
which  were  tried,  and  yielded  satis¬ 
factory  stability  for  all  purposes 
intended. 

Bridge  Circuit 

The  circuit,  shown  in  Fig.  1, 
contains  a  high  transconductance 
tube  with  much  less  degenerative 
feedback  than  is  usually  the  case. 
The  circuit  is  of  the  bridge  tjrpe  to 
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.^  ,.p^^•>For  the  cable^assemblies  that  go  into 
ybur  products  you  can  use  Amphenol-made 
’  cables  and  save  precious  time  and  money 
at  every  step.  Amphenol  has  the  equipment, 
the  skill,  the  experience  and  the  production 
* ./  line  set;up  to  make  them  on  a  mass  produc- 
.  tion  basis — and  make  them  properly.  Such 
r>  assemblies  will  be  manufactured  exactly  in 
^  accordance  with  your  specifications. 

.  >  Amphenol  makes  not  only  the  cables  but 
the  i^arts  that  go  into  them.  Why  not  elmi- 
'  nate:  the  details  and  the  costs  that  enter 
the  procurement  and  control  of  the 
‘  5  Biaiiy  components:  of  cable  assemblies. 
Amphenol's  service  also  eliminates  for  you 
cost  and  maintenance  of  all  tools  and 
Ijfcjgfey .  equipment  that  are  necessary  and  the 

‘**“^9*1®*  j'p^rs^nnel  complications  that  go  with  them. 


jj^rg^nnel  complications  that  go  with  them. 
.  ^  finished  Amphenol  assembly  or  har¬ 

ness  &  a  sales  asset  to  your  product  in  ser- 
'  vice  and  in  appearance.,  Amphenol  quality 
of  pSjduct  and  workmanship  is  known  the 
-A  over.  ,  r. 

•  '^^.Tell  us  what  you  heed. 
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balance  out  the  initial  plate  current 
and  obtain  an  initial  meter  reading 
of  zero.  In  operation,  the  tube 
serves  as  one  arm  of  the  bridge,  the 
initial  balance  of  which  is  upset  by 
the  change  in  the  tube  plate  resist¬ 
ance  caused  by  a  change  in  grid 
bias  as  the  result  of  applying  a  di¬ 
rect  voltage  to  be  measured  to  the 
grid  circuit. 

Figure  2  illustrates  the  funda¬ 
mental  bridge  arrangement  on 
which  the  design  of  this  circuit  is 
based.  The  current  flowing  in  the 
milliammeter  connected  across  the 
bridge  as  a  detector  is  proportional 
to  the  imbalance  and  to  the  signal 
causing  it.  A  resistor  is  used  in 
series  with  the  meter  to  bring  its 
deflection  for  1.5  volts  input  to  the 
grid  to  exactly  6  ma.  The  sensitiv¬ 
ity  without  this  resistor  is  nearer 
1  volt  for  full-scale  deflection.  A 
scale  can  be  drawn  calibrated  di¬ 
rectly  in  volts. 

Ohmmeter 

By  making  the  primary  range 
1.5  volts,  it  became  possible  to  in¬ 
clude  an  ohmmeter  in  the  instru¬ 
ment  rather  simply,  using  a  single 
flashlight  cell  for  voltage  supply. 
This  ohmmeter  operates  upon  the 
principle  of  measuring  the  voltage 
drop  across  the  unknown  resistance 
in  series  with  a  known  resistance 
across  a  known  voltage. 
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Co// ALLIED  First..  .  it’s  the  shortest,  fastest 
way  to  get  what  you  need.  Here’s  why; 

(1)  Largest  and  most  complete  stocks  under 
one  roof  (2)  Over  10,000  elearonic  and 
radio  items  on  hand  for  rush  delivery 
(3)  Latest  supply  data  from  leading  man¬ 
ufacturers  (4)  Centralized  procurement 
and  expediting  (5)  Technical  assistance 
(6)  One  source . . .  one  order . . .  one  billing. 
You  save  time  and  work! 

Whether  you  need  one  item  or  a  hundred, 
make  Allied  your  procurement  headquar¬ 
ters.  Thousands  do. 

Write,  Wire,  or  Phone  Haymarket  6800.  ^ 

ALLIED  RADIO  CORP. 

833  W.  Jackson  Blvd.,  Dept.  24<j-4  Chicago  7,  Ill. 

r 

Now  R*F  Resonance  and  Coil  Winding  Calculator 
Easy  to  use!  For  fast  ac- 
curate  determination  of 
resonance  factors  and 
coil  winding  data. 

No.  57-955.  Postpaid,  2  Sc 


The  scale 

is  calibrated  directly  in  ohms.  This 
feature  has  proved  very  convenient 
for  measuring  resistance  in  the 
megohm  range. 

Because  of  the  relatively  heavy 
current  drain  on  the  power  supply 
for  such  service  (30  milliamperes), 
it  was  decided  to  use  somewhat 
more  Altering  than  is  usually  the 
case  in  electronic  voltmeters.  This 
heavy  current  makes  the  instru¬ 
ment  slow  in  heating.  It  takes 
from  ten  to  twenty  minutes  before 
the  slow  zero  drift  is  overcome. 
This  has  not  proved  annoying  in 
actual  use,  since  after  the  first  five 
minutes  the  drift  is  very  slow. 

No  voltage  regulating  circuits 
have  been  used  to  stabilize  the 
effects  of  line  voltage  fluctuations, 
and  in  over  a  year  of  use  none  l-as 
been  found  necessary.  However, 
tests  show  that  the  zero 
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Both  fine  needlework  and  the  delicate  tasks  of 


assembling  quality  electronic  fighting  equipment 


are  natural  for  the  supple  hands  of  women,  who 


compose  75  per  cent  of  Detrola  Radio  workers. 


After  Victory  their  skiU  and  trained  fingers  will 


build  highest  quality  radio  and  television  for  the 


American  home.  Speed  Victory— Buy  War  Bonds. 


vmm  Of  MinRMTioiiM.  oniou  corpomtkm  .  karo  « cMTnao,  onion  %  mcr 
C.  IISSELl  FEIIMANN  PIESIIENI 


.owes  — July  1944 


ASIAILC 


THE  ASTATIC  CORPORATION 


locality  having  rapid  or  large  line 
voltage  fluctuations,  some  form  of 
regulation  of  the  power  supviy 
would  be  necessary  to  avoid  the 
annoyance  of  zero  shift. 

Alternative  Cireuita 

Should  it  be  desired  to  use  this 
circuit  with  a  1-milliampere  meter 
in  order  to  obtain  lower  voltage 
ranges,  it  would  most  likely  be  ne¬ 
cessary  to  tie  a  VR-160-80  regu¬ 
lator  tube  across  an  appropriate 
portion  of  the  bleeder  to  stabilize 
the  supply  voltages  in  order  to  ob¬ 
tain  the  maximum  advantage  from 
the  increased  sensitivity. 

A  diode  rectifier  could  be  built 
into  a  probe  and  the  same  instru¬ 
ment  used  for  measuring  a-c  volt¬ 
ages  from  power  to  high  radio  fre¬ 
quencies  but  this  feature  was  not 
included  in  the  instrument  des¬ 
cribed. 

The  meter  deflection  has  very 
close  to  a  linear  relation  to  applied 
grid  voltage.  It  is  not  quite  close 
enough,  however,  to  avoid  the  ne¬ 
cessity  for  drawing  a  new  scale  for 
the  indicating  meter.  A  special 
ohmmeter  scale  and  additional  volt¬ 
age  scales  are  required  in  any  case. 

The  instrument  has  proven  en¬ 
tirely  satisfactory  for  general  serv¬ 
ice  in  d-c  measurements  where  an 
j  input  resistance  of  one  megohm 
I  per  volt  is  adequate. 


Ytb,  we  ll  agree,  these 
and  other  carefully 

machined,  silver  plated  Astatic  Co-axial  Radio  Cable  Con¬ 
nectors  are  beautiful  ...  so  beautiful  that  you  want  to  hold 
them  .  .  .  and  "caress”  them  ...  in  your  hands.  But  they’re 
more  than  beautiful !  Astatic  Co-axial  Cable  Connectors  are 
products  of  engineering  skill,  machining  precision,  assembly 
care  and  expert  finishing  ...  all  important  to  the  efiicient 
functioning  of  wartime  radio  communications  equipment. 
Measuring  up  to  the  most  exacting  government  and  equip¬ 
ment-manufacturer  standards.  Astatic  Connectors  provide 
sturdy,  lock-tight,  insulated  connections  for  strenuous  war¬ 
time  service.  Yes,  they’re  tough  as  well  as  beautiful  .  .  . 
and  they’re  dependable.  We,  their  manufacturers,  are 
proud  of  them.  They’ll  do  a  swell  job  for  you.  Use  them. 


Electronic  Tracer  for 
Irregular  Surfaces 

A  NEW  ELECTRONIC  TRACER  mechan¬ 
ism  has  been  successfully  applied 
to  several  machining  operations 
that  involve  irregular  surfaces, 
such  as  propellers,  dies  and  cams. 
In  the  past,  such  operations  often 
required  expensive  and  time-con¬ 
suming  hand  labor  in  chipping, 


At  probe  A  lollowt  the  contour  oi  the 
model,  the  cutter-head  Is  raoeed  cor¬ 
respondingly  by  its  feed  motor  whidi 
it  controlled  by  the  electronic  amplilier- 
Scale  models  may  alto  ha  used 


ELECTRONICS 


PRESS  WIRELESS 

.no  >MMT  TRANSM/rrPiy, 


Now  off  to  the  wars,  Press  tireless 
"400’8"  will  be  available  for  civilian 
service  fronts  when  peace  permits. . 
Here  is  a  versatile  transmitter  of  ex¬ 
ceptional  value  for  airport,  police 
department,  ship-to-shore  and  other 
exacting  radio  communication  work. 

Continuous  coverage  throughout 
its  frequency  range  of  2.1  to  18 
megacycles;  both  crystal  and  master 
oscillator  frequency  control  with  re¬ 
markable  stability  in  the  latter;  better 
than  150  words  per  minute  keying 
speed  and  automatic  carrier  control 
from  remote  point  over  two-wire  tele¬ 
phone  line  are  only  a  few  of  this 
transmitter’s  many  outstanding  serv¬ 
ice  characteristics. 

The  "400”  is  one  of  a  number  of 
units  Press  Wireless  is  manufacturing 
toward  the  development  of  complete 
radio  communication  systems  of  the 
highest  economy  and  efficiency,— 
for  war  today, — for  peace  tomorrow. 


Soles  OfTice,  Monufocfur/ng  Division 
1475  BROADWAY,  NEW  YORK  18,  N  Y 


NEW  YORK 


CHICAGO 


SANTIAGO  DE  CHILE 


BERNE 


MONTEVIDEO 


RIO  DE  JANEIRO 


Awarded  to  oor 


E oecutive  Offices 

435  N  MICHIGAN  AVENUE,  CHICAGO 


lOS  ANGELES 


HAVANA 


LONDON 


Hicktville,  Long  hUnd  Plant 
for  outstanding  Achievement 
in  War  Production 
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How  to  Moke  Each  of  328  Fastenings 
Carry  on  Equal  Share  of  the  Load 


Each  wing  of  a  DC-3  transport 
plane  is  fastened  on  with  328 
nuts  and  bolts. 

Unless  the  stress  and  strain  are 
distributed  equally,  some  of  the 
bolts  shear  off. 

The  answer  was  found  in  Elastic 
Stop  Nuts.  These  nuts  can  be 
given  precisely  the  right  tension 
—then  lock  fast. 

This  is  one  of  the  important 
structmal  fastening  jobs  which 
Elastic  Stop  Nuts  have  solved. 

^eVe  been  told  Elastic  Stop 
Nuts,  by  solving  many  such 
structural  fastening  problems, 
have  revolutionized  aircraft  con¬ 
struction. 


These  nuts  lock  fast  —  are  safe. 
They  stay  tight  and  secure  even 
in  the  face  of  unusual  vibration. 
That’s  why  they  are  approved 
for  fastening  such  vital  parts  of 
an  airplane’s  structure. 

It’s  the  elastic  collar  that  does 
the  trick.  It  molds  itself  to  the 
bolt  threads  and  grips  them 
tight.  The  nut  can’t  jiggle  loose. 


fMt  COiUt  ^ 
IS  flASfiC.  1 
rta  NUT  CAN  ir 
USED  TIMS  AND 
time  again. 


AlAOf  IN  Ail  Si/fS  AND  rmS-WlTH 
^  mwAOS  TO  nr  anv  sTANOAto 
rms  OE  sotrs. 


After  the  war  ESNA  nuts  with 
the  red  collar  will  be  ready  to  do 
the  hard  jobs  of  peacetime  pro¬ 
duction. 

Any  fastening  problem  you  an¬ 
ticipate  will  be  welcomed  by  our 
engineers.  They  are  ready  to  help 
you  solve  it  and  recommend  the 
proper  Elastic  Stop  Nut. 


ESNA 

TIIAOl  MA»a  Of 
BLASne  STOP  Nt'T  COKPOBATIOP 
or  AMkBICA 

ELASTIC  STOP  NUTS 

liOek  foMt  to  make  tkimf  laet 

tnno!«,  rrw  jcmskt  a.'vd 

UMCOL*!.  nB»BA:ikA 
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Specify 

TELEX  RECEIVERS 

High  Fidelity  in  Powerful,  Rugged 
Lightweight  Magnetic  Receivers! 


Telex  experience  in  helping 
supply  the  small,  rugged,  high 
fidelity,  powerful  magnetic  receivers 
required  by  the  Signal  Corps  should 
be  of  great  assistance  to  you. 

Wherever  you  sp>ecify  efficient, 
high  fidelity  magnetic  receivers  in 
your  product  design,  these  small, 
lightweight,  rugged  receivers — made 
by  Telex,  the  creator  of  the  world’s 
first  wearable  electronic  tube  hearing 
aid — will  meet  your  requirements. 

Write  us  and  tell  us  your  problem. 
Our  engineers  are  in  a  position  to 
help  you  solve  it  quickly,  efficiently, 
economically. 


Telex  Experience  Offers: 

Magnetic  Receivers: 

Cu.  Vel.— Approx.  0.3  cu.  in. 

Impodanc* — Up  to  5000  ohms. 
SonsHivity  — 18  dynes/sq.  cm.  for  10 
microwatt  input. 

Construction — Rugged,  stable,  using  only 
finest  materials,  precisely  machined — no 
diaphragm  spacing  washers  in  Telex 
receivers. 

Transformers  and  Chokes: 

Cu.  Vol. — Down  to  .15  cu.  in. 

Core  Material  —  High  permeability  steel 
alloys. 

Windings — To  your  specs.  (Limit  of  six 
outside  leads  on  smallest  cores.) 


PRODUCTS  COMPANY  “ 

ELECTRONIC  PRODUCTS  DIVISION 

TELEX  PARK  •  MINNEAPOLIS  •  MINNESOTA 


grinding  and  polishing.  In 


.■nanyi 


cases,  the  final  result  was  not  a! 
ways  as  exact  as  it  might  havel 
been. 

The  machine  contains  a  probe 
mounted  in  conjunction  with  ai 
Westinghouse  Silverstat  regulator 
which  is  used  to  follow  the  contour 
of  an  accurate  model.  The  model 
may  be  made  either  actual  size  or 
to  scale.  As  the  probe  is  moved 
across  the  model,  it  affects  the  posi. 
tion  of  the  Silverstat  as  shown  in 
the  diagram.  Through  an  electronic 
amplifier,  the  cutting  tool  is  moved  ■ 
correspondingly  with  respect  to  the! 
work  by  electric  motors. 

With  a  well  designed  machine! 
tool  and  an  actual  size  model,  the! 
contour  of  the  model  can  be  dupli¬ 
cated  within  two  or  three'  thous¬ 
andths  of  an  inch  when  a  feed 
speed  of  twenty  to  thirty  inches 
per  minute  is  used. 


Electronic  Control  for 
Low-Capacity  Spot  Welders 
Spot-welding  of  vacuum  tube 
parts,  with  either  welding  tongs  or 
a  small  bench  welder,  can  be  ac¬ 
complished  with  a  new  thyratron 
welding  control  that  provides  pre¬ 
cise  control  of  low-capacity  spot 
welders.  Other  applications  for 
which  the  control,  in  combination 
with  the  proper  welding  trans¬ 
former,  may  be  used  include  the 
welding  of  solid  or  stranded  wires 
to  terminals  of  copper,  brass, 
bronze,  steel,  or  ferrous  alloys; 
joining  two  tinned-copi)€r,  steel  or 
alloy  wires;  and  spot-welding  thin 
pieces  of  various  alloys. 

Announced  by  the  Industrial  Con¬ 
trol  Division  of  General  Electric 
Co.,  the  unit  operates  on  either  230 
or  460-volt,  60-cycle  power  and  is 
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ieleniulti  Corporation  of  America 


The  S.  C.  A.  SELENIUM  RECTIFIER 


WITH 


SEAIED-IN‘  ELECTRODES 

AN  EXCLUSIVE  S.C.A.  DEVELOPMENT 


All  S.C.A.  SELENIUM  RECTIFIERS  HAVE  HIGHEST  OUTPUT  PER  UNIT  WEIGHT,  UNUMITED  UFE, 
CAN  BE  USED  IN  TEMPERATURES  FROM  -55° C  TO  +75°C  AND  REQUIRE  NO  MAINTENANa 

The  S.  C.  A.  Selenium  Rectifier  with  the  Dual  Sealed -In  Electrode  offers: 

Maximum  contact  area  at  increased  pressure  #  Added  protection  against  moisture 
and  corrosion  #  Undisturbed  electrical  contact  after  opplicotion  of  surface  coating 
Permanence  of  rectifier  characteristics  and  full  plate  efficiency  %  Increased  field  of 
opplications  #  Shock  and  vibration-proof  operation  %  Complete  Interchangeability 
with  all  conventional  selenium  rectifiers 

‘ Availobh  only  in  S.C.A.  Seteniwm  Recfititrs.  Trode  Merit  and  Polanfs  Applied  for 


i .  SELENIUM  CORPORATION  of  AMERICA 

1719  WEST  PICO  BOULEVARD  •  LOS  ANGELES  15,  CALIFORNIA 


1 


WM.  I.  MURDOCK  CO 

136  Carter  St.,  Chelsea  SO.  Mass. 


an  adjustable,  synchronous-pr-ici- 
sion,  electronic  type  in  which  only 
three  thyratron  tubes  perform  all 
the  functions.  Two  tubes  control 
the  primary  current  of  the  welding 
transformer  and  another  tube  con¬ 
trols  the  firing  time.  Since  the 
tubes  have  the  same  current  rating 
on  either  voltage,  the  transformer 
used  on  a  460-volt  supply  can  be 
twice  as  large  as  that  used  on  a 
230-volt  source.  This  approximately 
doubles  the  secondary  current 
On  a  duty  cycle  not  exceeding  ten 
percent,  the  cohtrol  is  rated  at  53 
amperes  rms  (primary  current  of 
the  welding  transformer).  As 
shown  in  the  photograph,  a  cali¬ 
brated  time  adjustment  on  the  front 
of  the  panel  provides  either  one- 
half  cycle  or  any  number  of  com¬ 
plete  cycles  from  one  to  ten. 


Have  PasseJ  ihe  Battle  Test.^ 


jnote 

^  D/ST/NCT 

MStONAL  MAN  SAYS 


14eac^AJ^t6  a/t£,  iuA  matt 

m^OMFOPTABLE^ 

MAN 


Switch  Tube 

One  of  the  tube  types  registered 
by  the  RMA  Data  Bureau  during 
April  is,  in  reality,  a  single-pole, 
double  throw,  vacuum-sealed  switch 
for  mechanical  actuation.  It  has 
been  given  the  tube  type  designa¬ 
tion  1S21  and  contains  a  flexible 
diaphragm  in  the  base. 

Maximum  ratings  for  the  unit 
are  given  as  hold-off  rms  voltages 
of  7.5  kv  internal  and  16  kv  exter¬ 
nal  at  sea  level,  and  7.5  internal  and 
4.5  kv  external  at  40,000  feet.  Life 
of  the  device  at  15  amp  rms  is  10* 
operations;  at  3  amp,  10*  opera¬ 
tions;  and  at  0.1  amp,  0.5  x  10*  op¬ 
erations.  Registration  number  375 
has  been  assigned  by  RMA. 


MURDOCKS 

the  Cho. 


when  Peace  Comes.^ 


AN  lurching  tank  and  shell-swept  fox¬ 
hole  MURDOCK  Radio  Phones  hove 
met  and  stood  the  acid  test  of  war. 
Their  surprisingly  clear  and  sensitive 
reception  has  never  failed  to  bring  a 
message  through  without  distortion. 

Tried  and  perfected  in  the  heat  of 
battle,  MURDOCK  will  give  you  when 
peace  returns  all  the  advantages  of  the 
world's  keenest  radio  eorsl 


WE  INVITE 

Sub-Contract 

Orders 


TWO  SUNSETS  in  one  day  can  be 
achieved  with  television,  Ralph  R. 
Beal  of  RCA  Laboratories  told 
members  of  the  San  Francisco 
Engineering  (Council. 

“Here  in  San  Francisco,”  Mr. 
Beal  said,  “you  will  watch  Old  Sol 
dip  beyond  the  New  Jersey  Palis¬ 
ades  as  a  television  camera  atop 
Radio  City,  New  York,  scans  the 
horizon  at  sunset.  Then  three 
hours  later.  New  Yorkers  in  the 
darkness  of  the  evening  will  catch 
up  with  the  sun  as  a  television 
‘eye’  in  San  Francisco  sends  a 
panorama  of  the  Golden  Gate  back 
across  the  Continent  as  the  sun 
ends  the  day  over  the  Pacific.” 
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ANDREW  CO 


363  EAST  75th  STREET 
CHICAGO  19,  ILLINOIS 


(Continued  from  page  106) 


but  at  the  same  time  there  is  an 
economy  of  energy.  At  the  higher 
speeds  less  power  is  lost  by  heat 
conduction  in  from  the  surface,  as 
indicated  by  the  relative  power  fig- 
ures  associated  with  each  curve. 

The  data  presented  so  far  apply 
to  SAE.  1095  Steel.  Power  require¬ 
ments  are  higher  and  range  of  per¬ 
missible  operating  conditions  wider 
for  steels  of  higher  hardenability, 
such  as  alloys  containing  large 
amounts  of  nickel,  manganese, 
chromium  and  the  like.  If  we  sup- 
I)ose  the  effect  of  these  elements  to 
be  commutative,  it  is  possible  to 
estimate  the  required  operating 
conditions  for  full  or  partial  hard¬ 
ening  from  the  analysis.  As  more 
work  is  done  on  a  variety  of  steels, 
data  will  become  available  that  will 
put  production  hardening  on  a 
quantitative  basis  similar  to  that 
which  now  exists  only  in  laboratory 
tests  like  the  Jominy  hardenability 
test. 


COAXlAi 

hswissiom 

line 


^UlCK  DELIVERY  can  be  made  on  this  extremely 
low  loss  transmission  line.  Especially  suited  for  RF 
transmission  at  high  or  ultra-high  frequencies,  it 
has  wide  application  (1)  as  a  conneaor  between 
transmitter  and  antenna,  (2)  for  interconnecting 
RF  circuits  in  transmitter  and  television  apparatus, 
(3)  for  transmitting  standard  frequencies  from 
generator  to  test  positions,  and  (4)  for  phase 
sampling  purposes. 

Andrew  type  83  is  a  %"  diameter,  air-insulated, 
coaxial  transmission  line.  The  outer  conduaor  ma¬ 
terial  is  soft-temper  copper  tubing,  easily  bent  to 
shape  by  hand  and  strong  enough  to  withstand 
crushing.  Spacers  providing  adequate  mechanical 
support  are  made  of  best  available  steatite  and 
contribute  negligibly  to  power  loss. 

Accessory  equipment  for  Coaxial  Transmission 
Line,  illustrated: 

Type  853  Junction  Bex:  Right  angle  box  required 
where  very  sharp  right  angle  turn  is  necessary. 

Type  825  Junction  Bex:  Three  way  T  box  for 
joining  three  lines  at  right  angles. 

Type  1601R  Terminal:  Gas  tight  end  terminal 
with  exclusive  Andrew  glass  to  metal  seal.  Incorpo¬ 
rates  small,  relief  needle  valve  for  discharging  gas. 

Type  810  Connector:  Cast  bronze  outer  con¬ 
nector  with  copper  sleeve  for  inner  conductor. 
Andrew  Company  manufactures  all  sizes  in  coaxial 
transmission  lines  and  all  necessary  accessories. 
Write  for  Doscriplivo  Catalog 


Design  of  Snitable  Indncters 

The  inductors  used  for  this  kind 
of  work  must  be  accurately  con¬ 
toured  to  suit  the  work  piece,  of 
small  cross-section  to  concentrate 
the  power  as  much  as  possible,  and 
provided  with  a  channel  for  1  to  5 
gallons  per  minute  of  cooling 
water.  The  configuration  of  an  in¬ 
ductor  placed  within  0.060  in.  of 
the  work  and  carrying  current  of 
such  a  frequency  that  the  penetra¬ 
tion  depth  is  less  than  a  similar 
figure,  is  more  properly  thought  of 
in  terms  of  its  length  rather  than 
of  the  area  enclosed  by  it,  which  is 
usually  taken  to  calculate  induct¬ 
ance.  The  inductance  and  resist¬ 
ance  per  unit  length  looking  into 
such  a  coil  is  of  the  order  of  0.01  -f 
;  0-1  ohms  at  0.5  Me  at  room  tem¬ 
perature.  The  problem  of  coupling 
between  impedances  of  the  level  of 
the  usual  tank  circuit  reactance 
(60-100  ohms)  and  impedances  of 
less  than  one  ohm  is  most  satisfac¬ 
torily  solved  by  making  the  coup¬ 
ling  as  tight  as  possible.  This 
makes  it  possible  to  transfer  power 
to  the  inductor  circuit  without  tun¬ 
ing  the  secondary  and  without  an 


Andrew  Type  85  (yg"  diameter)  coaxial  transmis¬ 
sion  line  is  manufactured  in  100  foot  lengths  and 
may  be  purchased  in  coils  of  this  length  or  in 
faaory  spliced  coils  of  any  length  up  to  Vz  oule. 
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W A  X 

Insulating  and  Impregnating 

COMPOUND 

FORMULAS 

55  Years  in  the  Making 


MITCHELL-RAND 

for  .  . 

55  YEARS 
THE  ELECTRICAL 
INSULATION 
HEADQUARTERS 


For  more  than  half  a  century  the  Mitchell-Rand  research  depart¬ 
ment.  in  its  efforts  to  serve  industry,  developed  Waxes,  Insulating 
and  Impregnating  Compounds  to  meet  every  known  requirement  of 
the  Electrical  and  Electronic  industries. 


The  vast  assortment  of  more  than  3500  Wax  and  Compound  formu¬ 
las,  developed  over  this  long  period  of  time,  covers  every  possible 

requirement  of  today . and  is  available  at  Mitchell-Rand 

"Electrical  Insulation  Headquarters". 


,n  m* 
n.  of 
nt  of 
letra- 
milar 
fht  of 
than 
lich  is 
nduct- 
resist- 
I  into 
).01  + 
a  tem- 
upling 
Bvel  of 
ictance 
ices  of 
itisfac* 
>  coup- 
This 
power 
ut  tun- 
out  an 


GUIDE 


BOOK 


FREE  FOR  THE  ASKING 


'Write  today  for  your  Free  Card  of  Varnished 
Tubing  with  samples  ranging  from  size  0  to  20  to 
fit  wires  from  .032  to  .325  inches  .  .  .-other  valuable 
aids,  are  the  M-R  Guide  Book  of  dectrical  Insula¬ 
tion  . . .  the  Wall  Chart  with  reference  tables,  elec¬ 
trical  symbols,  allowable  capacities  of  conductors, 
dielectric  averages,  thicknesses  of  insulating  mate¬ 
rials  and  tap  drill  sizes  . . .  and  the  M-R  Wax  and 
Comp>ound  Guide  Book  . . .  they  are  full  of  valuable 
information  . . .  write  for  them  on  your  letterhead. 


Write  today  on  your  letterhead 


MITCHELL-RAND  INSULATION  €OMPANY>  INC. 

51  MURRAY  STREET  COrtlandt  7-9364  NEVCiYORK  7,  N.  Y. 


Vornithtd  Tap*  and  ClatH 
btulatinq  7ap*ri  and  Twinvt 
Cable  Fillinq  and  Pothfad  Compounds 
Friction  Tap*  end  Splice 
^anstarmer  Compeundi 


PARTIAL  LIST  OF  M-R  PRODUCTS 

Eiberqlei  Iraided  Sleevinq 
Cotton  Tapes,  Webbinqs  and  Sleevinqs 
Impreqnated  Varnish  Tubinq 
Insulatinq  Varnishes  ot  all  types 


Fiberqlps  Saturated  Sleevinq  and  Varnished  Tubinq 
Asbestas  Sleevinq  and  Tap* 

Eitruded  Plastic  Tubinq 
Varnished  Cambric  Cleth  and  Tap* 

Mica  Plate,  Tape,  Paper,  Clath  and  Tubinq 
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Look  ahead  . . .  Prepare  your  Salesmen 
For  the  Peacetime  Electronic  Era  to  Come! 

T  •  Where  will  you  fit  in  the  fiercely  com- 
petitive  markets  that  will  come  with  the  war’s 
end?  Your  position  can  be  determined  now, 
Yf  by  the  methods  you  employ  now,  in  the  design 
/  and  engineering  of  your  post-war  products.  Right 
^  now,  with  the  aid  of  seasoned  electronic 

^  and  mechanical  engineers,  your  peacetime  items 
can  be  started  toward  top-rank  positions  in  their  re¬ 
spective  fields. 

Alert  manufacturers,  with  a  view  toward  post-war 
sales  and  quick  acceptance  of  their  products,  are 
urged  to  consult  with  National  engineers  now, 
on  matters  electronic,  electrical  or  mechanical. 
Write  today  —  Your  inquiry  will  receive  prompt 
attention. 

- QUARTZ  CRYSTAL  PROBLEMS - 

Our  engineers  and  crystallographers  are  ready  and 
willing  to  help  you  on  the  following  items: 

Radio  Rocoivors  Cnrstal  Oscillators  Suporsoaic  Dostaos 


EvalHotiag  the  Resalts 

The  methods  of  evaluating  the 
results  may  be  of  interest  here. 
Hardness  measurements  across  the 
hardened  zone  were  made  with  the 
Knoop  indenter*  with  a  loading  of 
500  grams.  The  indent  so  produced 
is  small  enough  across  the  short 
diagonal  to  permit  readings  every 
few  thousandths  of  an  inch,  which 
gives  an  accurate  picture  of  the 
variation  in  hardness  across  the 
hardened  layer. 

Figure  6  shows  how  these  in¬ 
dents  appear  at  100  diameters 
magnification.  The  length  of  the; 
long  diagonal  indicates,  inversely, 
the  hardness  at  the  point  of  inden¬ 
tation.  The  hardness  readings  ob-^ 
tained  from  these  indents  have  be^^^l 
plotted  against  their  locations  i‘ 
Fig.  6.  It  will  be  noted  that  no  dii 
in  hardness  exists  between  tV- 
fully  hardened  part  and  the  core  of 
the  piece.  This  can  only  be  true  if 
the  prior  heat  treatment  has  let 
it  in  a  fully  annealed  condition.  It 
is  the  practice,  however,  in  some  in 
stances,  partly  to  harden  the  pico 
and  then  put  a  hardened  shell  o; 
it  It  then  becomes  impossible  t- 
avoid  a  slight  drawing  action  a‘^ 
the  edge  of  the  hardened  zor  | 
However,  the  thickness  of  the  re¬ 
gion  so  affected  is  small,  of  the  or¬ 
der  of  0.001  in.  to  .002  in.,  ana 


Tracsmlttors  TImliig  EqaipiMiit  iMhicttcH  Hutfnc 

N.  F.  tutar-Coimnunicatioiis  Police  Transmittors  FroqMBcy  Stamlants 

Address  your  inquiry  to — Crystal  Division 


Electrical  and. 


\l  Engineering 


NATIONAL  SCIENTIFIC  PRODUCTS  COMPANY 

Dtigners  and  Manufactunrs  of  Eloctrkal  tmd  Mochtmkal  Dovkos 
5013-25  NORTH  KEDZIE  AVE.,  CHICAGO  25,  ILLINOIS 
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We  urge  you  to  include  variable  air  condensers  of  Radio 
Condenser  Company.  We  think  this  important  because  today 
they  are  used  on  radio  apparatus  of  our  armed  forces  and 
provide  such  accurate  tuning  that  these  men  (your  post-war 
prospects)  will  want  the  same  type  reception  in  their  commer¬ 
cial  sets.  Available  after  the  war  will  be  both  our  variable  air 
condensers  and  push  button  tuning  devices.  Plan  to  use  both. 

RADIO  CONDENSER  CO. 

CAMDEN.  N.  J. 

RADIO  CONDENSER  CO.  LTD.,  TORONTO,  CAN. 
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Probably  the  most  important  single  factor  in  modern 


probably  has  little  effect  on  the 
strenfirth  of  the  piece. 

Micrographs  at  high  and  low 
magnification  are  shown  in  Figure 
7.  The  low  magnification  shows  the 
general  appearance,  depth,  transi- 
tion  zone  and  core,  while  the  high 
magnification  shows  the  structure 
is  those  three  zones. 

As  stated,  wear  and  fatigue  tests 
to  date  have  been  limited.  Tests 
which  have  been  made  indicate  a 
superiority  of  self-quenched  pieces 
over  those  hardened  by  other  in¬ 
duction  methods.  It  can  be  said, 
pending  complete  evaluation,  that  a 
method  is  available  that  offers  new 
possibilities  as  to  accuracy  of  con¬ 
trol  of  depth  and  hardness  in  this 
important  category  of  heat  treat¬ 
ment. 
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ELECTRONIC  CONTROL 
OF  WIND  TUNNEL 
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BUY  WAR  BONDS! 


warfare  is  complete,  dependable  communications.  De¬ 
pendable  communications  require  a  dependable  power 
supply.  Pincor  is  proud  of  its  part  in  furnishing  portable 
gasoline-driven  and  other  electrical  power  supply  units 
to  the  fighting  front  as  well  as  to  the  home  front. 

Look  to  Pincor  for  your  postwar  needs  in  power  plants, 
motors,  converters  and  battery 
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BANANA  PINS 
ROTARY  SWITCHES 
METAL  AND  NON- 
METALUC  STAMPINGS 


Ihrough  tho  courtesy  of  the 
^bliihert  of  Electronics  we  ore 
ibie  to  distribute  to  purchasing 
igcnts,  engineers,  etc.,  bound 
^spies  of  the  1 944  Buyers  Guide 
)f  Bectronic  and  Allied  Equip- 
Mnt . .  .  requests  on  Company 
siterheads  should  be  addressed 
10  Dept.  BG,  A.  W.  Franklin 
ikinufacturing  Corp.,  175  Varick 
Sfrwt,  New  York  City  1 4. 


If  you  have  nof  received  your  copy  of  fhe  1944 
FRANKLIN  CATALOG  .  .  .  NOW  is  fhe  time 
fo  write  for  one. 
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THE  ELECTRON  ART 


ward  at  the  same  instant  that  an 
impulse  causes  rotating  memb*  rs 
to  assume  a  reference  position. 
During  the  time  interval  of  wave 
travel  to  some  reflecting  surface 
and  its  subsequent  return,  these  ro¬ 
tating  members  determine  a  new 
position  for  the  pointer  to  assume 
at  the  moment  of  reception  of  the 
reflected  wave. 


Electronic  Equipment  Mecnures  Nerve  Activity 
Mecnurinq  Distance  with  Reflected  Waves. . . . 

Cosmic  Rays . 

^crodensitometer  with  D-C  Amplifier . 

Zeros  of  Bessel  Functions . 

Effect  of  Thin  Oxide  Films  on  Cathodes . 


Electronic  Equipment  Measures  Nerve  Activity 

Nerve  cells  in  the  human  body 
have  a  firing  action  similar  to  that 
of  a  thyratron  and  impulses  are 
transmitted  from  point  to  point  in 
seriatim  style  by  one  cell  firing  an¬ 
other,  according  to  Warren  S.  Mc¬ 
Culloch,  M.D.,  head  of  research  at 
Illinois  Neuropsychiatric  Institute. 

Speaking  before  the  membership 
of  Radio  Club  of  America  in  New 
York  during  May  on  the  subject  of 
“Electrical  Measurements  of  Nerv¬ 
ous  Activity”,  he  pointed  out  fur¬ 
ther  that  if  all  the  nerve  cells  in  a 
human  were  arranged  in  a  contin¬ 
uous  succession  and  the  first  fired 
at  birth,  the  chain  would  still  be 
ticking  away  at  death  without 
having  rsached  the  end. 

Dr.  McCulloch  stressed  the  ur¬ 
gent  need  for  electronic  education 
among  pre-medical  students,  so  that 
the  number  of  workers  investigat¬ 
ing  the  electrical  behavior  of  the 
nervous  system  may  continuously 
be  increased.  Few  in  the  field  at 
present  have  the  combined  medical 
and  electronic  background  neces¬ 
sary  for  an  understanding  of  what 
makes  the  brain  and  its  associated 
nerves  work. 

Subjects  included  in  the  presen¬ 
tation  were  theory  of  the  origin 
of  electrical  activity  of  the  nervous 
system,  electro-chemical  reactions 
maintaining  that  activity,  the  wir¬ 
ing  diagram  of  parts  of  the  system, 
measurement  of  physical  and  chem¬ 
ical  alterations  by  electrical  and 
electronic  methods,  and  the  rela¬ 
tionship  of  readings  to  convulsions 
and  fatigue. 

In  a  period  of  open  discussion 
following  the  lecture,  detailed  as¬ 
pects  of  the  electronic  equipment 
used  in  such  investigations  were 
covered,  and  the  doctor  related  a 
number  of  case  histories  correlat¬ 
ing  theory  with  physical  manifes¬ 
tations. 

One  interesting  example  con- 


Fig.  1 — Machoniced  orrang*m«nt  oi  aa 
•lactronic  instnunant  ior  iadicatinq  dis- 
tonca  or  dapth  diractly  on  o  died.  It 
oparertas  by  parmlttinq  impulsas  of  ra- 
flactad  sound  wovas  to  datarmina  ths 
pointar  position 


Measuring  Distance  with  Reflected  Waves 

By  Ernst  Norrman  The  complete  assembly  of  the 

wiiiiama  Bay,  wts.  instrument  is  shown  in  Fig.  1.  A 

The  instrument  to  be  described  motor  drives  a  cam  at  a  predeter- 
gives  a  direct  continuous  indica-  mined  speed,  for  instance  10  rps. 
tion  of  distance  or  depth  by  trans-  Coupled  to  the  motor  by  a  friction 
lating  the  time  interval  that  a  wave  clutch  is  a  shaft  carrying  an  arma- 
takes  to  travel  between  two  points  ture  and  an  electromagnet.  The 
into  a  unit  of  linear  measurement,  clutch  is  so  adjusted  that  there  is 
Sound  weaves  are  particularly  suit-  normally  no  slippage  between  the 
able  for  this  purpose  because  of  motor  and  the  shaft  that  carries 
their  relatively  slow  speed  of  prop-  the  rotating  electromagnet, 
agation.  The  armature  on  the  shaft  ro- 

The  instrument  operates  by  tates  between  the  poles  of  a  sta- 
transmitting  a  sound  wave  out-  tionary  electromagnet.  When  this 
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Crystal 

Microphone 


e<3oov 


Fig.  2 — Circuit  oi  eloctronic  omplifior  for  onorgizing  the  oloctromagnots  that  position 
th*  indicating  pointer  oi  tho  depth  measuring  instrument 
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stationary  electromag^net  is  entr- 
gized  by  a  pulse  of  current  it  pulls 
the  rotating  armature  into  line 
with  its  poles.  The  rotating  elec¬ 
tromagnet,  which  is  keyed  to  the 
same  shaft  as  the  rotating  arma¬ 
ture,  becomes  aligned  as  shown 
each  time  the  stationary  electro¬ 
magnet  receives  a  pulse.  The  en¬ 
ergizing  pulse  must  be  of  very 
short  duration,  so  that  the  arma¬ 
ture  and  the  rotating  magnet  are 
barely  pulled  into  position  but  not 
held  for  any  length  of  time. 

A  second  armature  is  positioned 
to  cooperate  with  the  rotating  mag¬ 
net  so  that  it  becomes  aligned  with 
the  poles  when  the  electromagnet 
is  energized.  This  armature  is 
held  in  a  stationary  position  by  a 
friction  clutch.  Both  electromag¬ 
nets  and  armatures  have  windings 
so  that  the  armatures  can  take  only 
one  position  in  respect  to  the  elec¬ 
tromagnets. 


Electronic  Amplifier 

Since  the  energizing  impulses  in 
both  magnet  systems  must  be  of 
brief  duration,  an  amplifier  has 
been  designed  for  converting  im¬ 
pulses,  such  as  trains  of  audio  or 
supersonic  waves,  into  undirec- 
tional  impulses  of  very  brief  dura¬ 
tion. 

The  circuit  of  a  suitable  ampli¬ 
fier  is  shown  in  Fig.  2.  The  plate 
of  the  first  stage  may  be  tuned  to 
the  frequency  of  the  incoming  sig¬ 
nals.  The  884  thyratron  has  a  rela¬ 
tively  high  grid  bias  to  prevent  it 
from  firing  except  at  the  reception 
of  signals  of  a  predetermined  am¬ 
plitude. 

In  the  circuit,  capacitor  A  is 
charged  through  resistor  B.  A  pos¬ 
itive  grid  impulse  of  sufficient  am¬ 
plitude  causes  the  tube  to  fire  and 
discharge  capacitor  A  through  the 
coils  marked  Electromagnets.  These 
coils  correspond  to  one  of  the  elec¬ 
tromagnets  and  its  cooperating 
armature  of  Fig.  1.  The  duration 
of  the  impulse  depends  on  the 
capacitance  of  capacitor  A  and  the 
impedance  of  the  coils. 

During  the  time  that  the  thyra¬ 
tron  is  not  fired,  capacitor  A 
charges  through  resistor  B.  The 
large  resistance  value  of  B  pre¬ 
vents  the  tube  from  striking  again 
until  capacitor  A  has  a  certain 
charge.  Thus,  even  if  its  grid 
swings  positive  after  the  initi^ 
capacitor  discharge,  it  cannot  strike 


The  HATHAWAY  Type  OA.2  OS¬ 
CILLOGRAPH  GALVANOMETER  em¬ 
ploys  a  magnetic  circuit  of  unique  design, 
combining  for  the  first  time,  high  sensi¬ 
tivity  with  small  size.  Universal  mount¬ 
ing,  is  Ys"  wide,  allowing  Type  OA-2’s 
to  be  mounted  side  by  side  on  y/'  centers. 
Therefore,  oscillographs  using  this  gal¬ 
vanometer  may  use  more  elements  in  a 
given  space.  ^ 

EASILY  CLEANED— The  moving  ele- 
ment  and  cell  window  are  unusually  ac¬ 
cessible  for  repair  and  cleaning.  The  oil- 
tight  ceil  box  is  filled  with  damping  fluid 
permitting  operation  of  this  galvanometer 
in  any  position. 

WIDE  RANGE  of  natural  frequencies 
and  sensitivities.  High  flux  density  in  the 
air  gap  keeps  both  sensitivities  and  natural 
frequency  at  highest  possible  peak. 


Detailed  study  will  convince  you  that  Type 
OA'2  Galvanometer  has  many  definite  ad¬ 
vantages  over  old  types.  Address  Hathaway 
Instrument  Co.,  1315  So.  Clarkson,  Denver 
10,  Colorado. 
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again  until  the  wave  train  has 
ceased;  and  each  train  of  waves 
will  be  registered  as  a  brief  uni¬ 
directional  impulse  initiated  by  the 
first  positive  half  cycle  of  the  wave 
train. 

Operation  Under  Water 

Figure  1  also  shbws  the  arrange¬ 
ment  for  sounding  in  water.  At 
each  revolution  of  the  motor  shaf^ 
the  cam  contacts  close  momentarily 
so  that  a  wave  is  transmitted  to¬ 
wards  the  bottom  by  the  signal  gen¬ 
erator  and  transmitter.  The  outgo¬ 
ing  signal  is  picked  up  by  a  con¬ 
tact  microphone  at  the  sound  trans¬ 
mitter  and  amplified  by  amplifier 
1.  The  output  of  this  amplifier  de¬ 
livers  a  very  short  impulse  to  the 
stationary  electromagnet  and  its 
armature. 

At  the  moment  the  sound  signal 
is  transmitted,  the  rotating  magnet 
is  lined  up  in  its  vertical  position 
as  shown  by  Fig.  1. 

The  wave  is  reflected  from  the 
bottom  and  picked  up  by  micro¬ 
phone  2  and  is  amplified  by  sound 
receiver  2  which  delivers  an  im¬ 
pulse  of  brief  duration  to  the  coils 
of  the  rotating  magnet  and  its 
armature.  Some  time  has  elapsed 
between  the  zero  setting  of  the  ro¬ 
tating  electromagnet  by  the  out¬ 
going  impulse  and  the  arrival  of  the 
reflected  wave.  During  that  time 
the  rotating  electromagnet  has  re¬ 
volved  a  number  of  degrees.  There- 


\^hcn  designing  a  line  of  circuit 
breakers  having  a  wide  range  of  cur¬ 
rent  ratings,  selection  of  the  proper  type 


Chace  Thermostatic  Bimetal  will  en¬ 


able  you  to  use  one  size  and  shape  of 
bimetal  element  for  the  full  range  of 
circuit  breakers  so  designed. 


By  following  this  practice,  one  size  of 


circuit  breaker  will  meet  a  wide  range 


of  current  demands,  provide  maximum 
flexibility  in  manufacturing  control. 
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and  reduce  your  production  cost. 
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Battery- 
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Send  us  detailed  information  for  con¬ 
fidential  recommendations  regarding 
the  most  efficient  type  of  thermostatic 


Fig.  3 — A  contiiiuoas  recording  of  depth 
may  be  made  by  permitting  the  im- 
pulsei  of  the  reflected  wares  to  octaote 
a  printer  mechanism 


bimetal  element  to  use  in  your  over 


load  circuit  breakers  and  other  ther 


fore  the  normally  stationary  arma¬ 
ture  and  its  pointer  line  up  at  a 
certain  angle  on  the  scale  deter¬ 
mined  by  the  angle  of  rotation  of 
the  electromagnet  during  the  time 
interval  between  the  transmission 
of  the  sound  wave  and  the  reception 
of  the  reflected  wave. 

This  process  will  be  repeated  at 
each  revolution  of  the  cam.  It  the 
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Unusually  Low  Noise  Levell  Better  Regulation! 


depth  is  constant,  the  rotating  elec¬ 
tromagnet  will  always  be  energ  ized 
at  the  same  angular  position,  and 
its  cooperating  armature  and  in¬ 
dicating  pointer  will  remain  at  rest 
in  that  position.  If,  however,  the 
depth  is  changing,  then  the  time 
interval  between  the  outgoing  and 
incoming  signals  changes,  and  the 
energizing  of  the  rotating  electro- 
magnet  takes  place  at  different 
angles.  The  armature  and  the  in¬ 
dicator  follow  these  changes  and 
move  back  and  forth,  always  show¬ 
ing  the  correct  depth. 

Alternative  Arrangement 

When  less  accuracy  is  required, 
the  stationary  electromagnet,  its 
cooperating  armature,  microphone 
1  and  amplifier  1  may  be  omitted. 
The  rotating  magnet  is  then  keyed 
to  the  motor  shaft,  and  the  cam  u 
keyed  in  such  a  position  that  the 
rotating  magnet  is  in  its  vertical 
position  when  the  cam  closes  the 
contacts.  However,  errors  in  the 
timing  of  the  closing  of  the  can 
contacts  and  other  variables  in  the 
sound  transmitting  system  may 
then  cause  appreciable  errors  in 
the  measurements. 

The  greater  the  speed  of  rota¬ 
tion  of  the  electromagnet  the 
greater  will  be  the  angular  dis¬ 
placement  of  the  indicator  hand 
per  foot  depth,  and  thus  the  eaaiei 
and  the  more  accurate  will  be  the 
reading  of  the  dial.  It  must  be 
understood,  however,  that  the  ro¬ 
tating  electromagnet  must  not 
make  more  than  one  rotation  be¬ 
tween  the  transmission  of  a  signal 
and  the  reception  of  its  reflection 

A  depth  of  about  200  feet  is  the 
limit  at  which  a  rotational  speed 
of  10  rps  can  be  used.  At  greatei 
depths  a  speed  of  1  rpm  is  suit¬ 
able.  If  it  is  desirable  to  measure 
great  dei  ’^s  with  the  same  abso¬ 
lute  acc»  .t- y  as  shallower  depths 
one  fast  .  d  one  slow  system  maj 
be  used. 

Charting  of  Depth 

By  means  of  the  apparatus  siunvr 
in  Fig.  3  a  graph  can  be  made  ol 
the  bottom  of  the  sea.  The  le^ 
cording  apparatus  consists  of  a  cy 
lindrical  drum  on  the  surface 
which  is  stretched  a  single-t  ir: 
wire  helix,  a  knife-edge  printer  hai 
mounted  coaxially  with  the  di  ini 
and  a  motor  to  rotate  the  drum. 
sheet  of  paper  is  fed  slowly  he 


Model  MOO  TebU  Model 
for  Use  in  Leboretory 


USES:  These  two  regulated  power 
supplies  are  identical 
performance  and  diflFer  only  in 
their  panel  arrangement.  The  ex- 

cellent  regulation  and  extremely  low  noise  level  they  offer  qualify 
them  for  many  applications,  both  in  the  laboratory  and  in  the  factory — 
where  excellent  performance  and  ability  to  operate  on  a  continuous 
basis  are  essential.  The  fact  that  the  regulated  high  voltage  and  the 
unregulated  heater  winding  are  isolated  from  each  other  and  from 
chassis  makes  it  possible  to  use  these  supplies  as  sources  of  “B”  or  “C” 
voltage.  Two  supplies  may  be  connected  in  series  aiding  to  give  twice 
the  voltage  obtainable  from  one  supply. 

DESCRIPTION:  The  Model  1100-1110  supplies  use  a  special  series 
regulator  circuit  employing  a  high  gain  two-stage  control  amplifier. 
This  circuit  arrangement  is  responsible  for  the  excellent  regulation  and 
low  noise  output  of  the  supplies.  The  supplies  are  shipped  for  opera¬ 
tion  on  a  llS-volt,  50  to  60  cycle  source,  and  will  operate  satisfactorily 
with  a  10%  line  voltage  variation  about  the  nominal  value.  The  fuse 
posts  for  the  line  fuses  are  mounted  on  the  rear  apron  of  the  chassis. 
A  time  delay  relay  is  incorporated  in  the  unit  to  delay  the  application 
of  the  high  voltage  until  all  the  tube  heaters  arrive  at  operating  tem¬ 
perature.  The  high  voltage  output  and  the  unregulated  heater  voltage  is 
brought  out  to  the  output  socket  on  the  rear  apron  of  the  chassis.  The 
high  voltage  is  also  brought  out  to  the  pin  jacks  on  the  front  panel  so 
that  a  voltmeter  may  easily  be  connected  to  the  circuit  for  checking 
purposes.  The  high  voltage  can  be  turned  on  or  off  by  means  of  a 
toggle  switch  on  the  panel. 

SPECmCATIONS: 

Power  Input  .  .  .  105-115-125  volts,  50-60  cycles 
Power  Output  .  .  .  200  MA  from  225  volts  to  300  volts 
180  MA  from  300  volts  to  320  volts 

Total  noise  content  in  output  is  less  than  5  millivolts.  Regulation 
within  >4%  from  no  load  to  full  load. 

Unregulated  A.C.  voltage  from  6.3  V  5  Ampere  center  tapped 
windings. 

Tubes  .  .  .  One  83  rectifier,  three  6B4G  series  regulator  tubes,  one 
6SL7  twin  triode,  one  VR105-30  voltage  regulator,  one  VRl 50-30 
voltage  regulator. 

Model  Moanflng  Length 

1100  Cabinot  lEVt" 

1110  Rack  19" 


Height 

8%" 

8y4" 


WRfTf  FOR 

DtSCMPTIVi 

BUUiTIN 
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The  impedance  characteristics  of 
Ultra«High  Frequency  Cables  are 
dependent  on  the  physical  dimen* 
sions  —  the  size  of  center  conduc¬ 
tor  and  the  inside  diameter  of  the 
coaxial  braid. 


any  scale  position,  the  correspond¬ 
ing  conductor  size  and  dielectric 
size  necessary  for  the  desired 
impedance. 


A  full  size  copy  of  this  chart  ie 
yours  on  request.  Write  for  it 
today! 

Remember,  Intelin  Cable  is  more 
than  insulated  wire  —  it  is  special¬ 
ized  transmission  line  —  made 
with  watchmaker  accuracy. 

In  the  Intelin  Cable  family  there 
is  a  type  to  match  your  ultra-high 
frequency  problems,  a  cable  bal¬ 
anced  in  all  electrical  properties 
to  do  your  job. 

INVEST  IN  THE  FUTURE 


Fadmrml,  rmgmimmd 

•t  m  mmmufmcturrr  of 
better  eeciiew  tube.,  note 
looda  with  mom  prodmetiom 
mrthodt  rotmlling  in  atiB 
grootor  tube  offletoney 
a$td  tomgth  of  Ufa,  Boory 
aahorOf  U’a  Ftderal  tohra 


You  can  easily  determine  impe¬ 
dance  by  the  use  of  this  Intelin 
Chart.  Apply  a  straight  edge,  with 
the  crossover  at  the  desired  impe¬ 
dance  on  the  center  scale.  The 
other  two  scales  then  indicate,  for 

BUY  MORE  BONDS 


Federal  Telephone  and  Radio^rporation 

Newark  1,  N.  J. 


i 


'' 


iif 


ajlj^  ^ 

At^''<^  a  'CctA/-Z> 

9!£^  a,4^  cAe^ 


POWEBFUUT  INTEBESTDIG  ore  these  let-, 
ters  from  oor  boys  ot  the  front  So  often  we 
reod  how  the  vital  commnnicotions  wire 
thot  CORWICO  mohes  is  helping  toword  find 
Victory.  For  the  duration— we  ore  pledged 
100%  to  this  big  job. . 


*Another  excerpt  Irom  a  letter  to  William 
Ogert  of  Cornish  Wire  Co.,  from  his  son 
overseas,  telling  how  CORWICO  wire 
is  in  daily  use  in  his  lighting  outfit. 


cornish 


WIRE  COMPANY,  inc 

15  Park  Row,  New  York  City, 
New  York 


Aiade  ^In^lneexi  ^ot  Hn^intexi 


tween  the  drum  and  the  printer 
bar.  A  printing  element  under  the 
printer  bar  serves  to  make  the 
prints  on  the  paper. 

The  printer  bar  is  operated  by 
an  electromagnet  so  that  a  short 
impulse  causes  the  bar'  to  be  mo¬ 
mentarily  depressed.  This  causes 
the  printing  element  to  be  pressed 
against  the  paper  strip  at  a  point 
depending  on  the  momentary  posi¬ 
tion  of  the  wire  helix  in  respect  to 
the  printer  bar. 

As  the  drum  rotates,  the  point  of 
the  wire  helix  that  is  directly  un¬ 
der  the  printer  bar  moves  trans¬ 
versely  across  the  paper.  There¬ 
fore  the  location  of  the  print  de¬ 
pends  on  the  angular  position  of 
the  drum  at  the  moment  the  printer 
bar  is  depressed.  As  the  paper  is 
fed  forward,  the  prints  or  dots 
form  a  line  along  the  paper. 

If  the  printer  bar  is  actuated 
at  intervals  equal  to  one  revolution 
of  the  drum  or  an  even  number  of 
revolutions,  the  line  will  be  parallel 
to  the  edge  of  the  paper.  Equal 
intervals  that  are  not  exactly  syn¬ 
chronized  with  the  speed  of  a  drum 
will  cause  a  line  to  be  printed  di¬ 
agonally  across  the  paper,  and  ir¬ 
regular  intervals  will  cause  a  com¬ 
plex  graph  to  be  printed. 

On  the  drum  shaft  is  mounted 
a  cam  which  closes  a  pair  of  con¬ 
tacts  once  per  revolution  and  causes 
a  sound  signal  to  be  transmitted. 
The  reflected  sound  is  picked  up  by 
a  microphone,  amplified,  and  caused 
to  operate  the  printer  bar.  The 
cam  is  keyed  to  the  shaft  in  such 
a  position  that  the  sound  signal  is 
transmitted  when  the  left  end  of 
the  wire  spiral  has  just  passed  un¬ 
der  the  printer  bar. 

If  the  depth  is  shallow,  and  the 
reflected  sound  signal  is  received 
a  very  short  time  after  the  trans¬ 
mission,  the  printing  will  take  place 
near  the  left  edge  of  the  paper. 
As  the  depth,  and  the  interval  be¬ 
tween  transmission  and  reception 
of  the  signals,  increases,  the  print¬ 
ing  takes  place  farther  and  farther 
to  the  right  edge  of  the  paper.  If 
the  depth  is  irregular,  the  line  may 
be  similar  to  the  graph  in  Fig.  3. 

In  order  to  avoid  errors,  arrange¬ 
ments  are  made  to  print  a  reference 
line  at  the  left  side  of  the  paper. 
The  depth  is  then  figured  from 
that  line  rather  than  from  the  edge 
of  the  paper. 

To  obtain  still  greater  accuracy, 
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BEHIND  THE  PANEL... 
...SOUND  ENGINEERING 

LRi-4 


Having  a  front  well  designed  is  important  but 
it  is  what  goes  behind  the  panel  that  really  counts. 

In  Techrad  products  the  greatest  artistry  is  in  the 
technical  engineering  behind  the  panel.  This  is  true 
of  the  product  as  a  whole  and  it  is  true 
of  each  individual  component.  A  case  in 
point  is  the  LRR-4  low  radiation  receiver 
pictured  above  together  with  one  of  its 
components ...  a  Techrad  designed  turret 
coil.  This  receiver  is  F.C.C.  approved  for 
low  radiation.  The  excellence  of  design 


and  construaion  is  clearly  visible  here.  These  thor¬ 
oughly  shielded,  low-loss  coil  sections  are  one  of  the 
outstanding  contributions  to  the  performance  of  the 
receiver.  They  are  typical  of  the  kind  of  thorough 
engineering  every  Techrad  produa  gets. 

Years  of  experience  have  taught  Techrad 
engineers  the  value  of  such  close  attention 
to  even  the  smallest  detail.  This  is  one 
of  the  many  reasons  why  you  can  have  con¬ 
fidence  in  the  name  Techrad . , .  Remember, 
master  engineering  takes  nothing  for  granted. 


Technical  Radio  Company 

Over  ten  years  of  €ontinvov$  experience 

275  Ninth  Street  •  San  Francisco  3,  California 

Export  Agentt:  Frazar  &  Hansen,  301  Clay  St.,  San  Francisco  11,  Californio,  U.S.  A. 


DNICS  I 


ELECTRONICS  — J«/y  1944 


215 


a  microphone  at  the  sound  trans¬ 
mitter  may  be  used  to  pick  up  the 
initial  signal  to  print  the  reference 
line.  The  drum  might  also  be 
coupled  to  the  motor  shaft  by  a 
friction  clutch  and  the  zero  setting 
system  previously  described  be 
used. 

A  ship  sailing  back  and  forth 
over  a  certain  area  can  very  rapidly 
map  the  bottom  by  using  this  in¬ 
strument. 


Big  Business 
Within 
k  a  Business 


Cosmic  Rays 

The  following  descbiption  of  cos¬ 
mic  rays  formed  a  portion  of  a 
lecture  delivered  by  Edgar  Berry 
before  the  Argentine  Local  Center 
and  abstracted  in  the  Journal  of 
the  Institution  of  Electrical  Engi¬ 
neers  (Savoy  Place,  Victoria  Em¬ 
bankment,  London  W.  C.  2,  Eng¬ 
land)  for  December  1943. 

It  was  at  first  believed  that  cos¬ 
mic  rays  had  their  origin  in  the 
stars  or  nebulae  around  us,  but 
Compton  and  others  found  that  98 
percent  of  the  rays  are  deflected  by 
the  earth’s  magnetic  field.  Experi¬ 
ment  shows  no  variation  in  the 
quantity  of  the  rays  according  to 
whether  the  Milky  Way  is  directly 
overhead  or  well  towards  the  hori¬ 
zon,  but  as  the  earth  moves  at  300 
km  per  sec  round  the  center  of  the 
Milky  Way  there  is  0.1  percent  more 
cosmic  rays  on  the  leading  side. 
This  percentage  is  the  exact  rela¬ 
tion  the  velocity  of  the  earth  bears 
to  that  of  light.  These  investiga¬ 
tions  show  that  the  rays  come  from 
the  depths  of  space,  where  they  ap¬ 
pear  to  move  at  random. 

Their  energy  is  equivalent  to  that 
of  a  current  flowing  into  our  earth 
of  1/7  ampere  at  10“  volts.  Their 
penetrating  power  is  greater  than 
that  of  any  other  rays  hitherto 
discovered;  after  traversing  the 
atmosphere,  which  is  equivalent  in 
stopping  power  to  10.33  m  of  water, 
they  bury  themselves  to  a  depth  of 
100-300  m  below  ground. 

The  number  of  rays  which  reach 
us  exhibits  a  daily  variation,  be¬ 
cause  it  depends  upon  the  amount 
of  atmosphere  they  have  to  pass 
through  and  also  upon  the  earth’s 
magnetic  field.  This  stops  all  rays 
having  energy  less  than  500  mil¬ 
lion  electron-volts,  and  also  has  the 
effect  of  spreading  the  remainder 
out  towards  the  Poles  from  the 
Equator.  The  density  of  distribu- 


makes 

some  exaaing  demands — for  instance  die  cast¬ 
ings  so  intricate  and  precise  that  ordinary  sources 
can’t  supply  them  profitably  and  in  quantity.  . 

So  we  built,  equipped  and  staffed 
our  own  die  casting  department. 

It’s  a  big  one — rates  among  the  -  ' 
five  largest  aluminum  alloy  die 

cast  plants  in  the  country.  It  has  a  ^ 

huge  capacity — much  more  than  even  we 

need.  But  its  size  assures  our  customers 

prompt  delivery  of  almost  any  quantity  of  Cannon  Conneaors, 

on  short  notice  without  the  slightest  sacrifice  of  the  well-known 

Cannon  qualities — easier  assembly,  better  fit,  greater  strength  with 

less  weight,  longer  trouble-free  life. 


Cannon  slide  films  with  sound  covering  assem¬ 
bly  and  soldering  techniques  are  available  on 
request.  Address  Department  A- 120,  Cannon 
Elertric  Development  Company,  3209  Humboldt 
Street,  Los  Angeles  31,  California. 


Cannon  Electric  Development  Co.  Los  Angeles  31,  California 

Canadian  Factory  and  Enginaaring  Office:  Cannon  Electric  Co.,  Ltd.,  Toronto  d 
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GET  USEFUL 
DMA  FILE 


IS  new 


in  this  space, 

we  listed  the  distinctly 
new  advantages  offered 


Relay.  Engineers  from 


ZO  YEARS 


many 


OF  SPECIALIZATION 


ready  asked  for  "More 
Information"  ....  which 


Through  two  wars  and  a  quarter  century  of 
peace,  we  have  designed  and  manufactured 
RELAYS  and  CONTROLS  for  U.  S.  Navy. 
Signal  Corps,  Coast  Guard  and  leading 
‘  '  rang 

ing  from  thumbnaihsize  relays  to  50.000 


YOU. 


watt  motor  driven  rephasing  units.  Give 
us  a  “try"  at  your  relay  problems. 


Send  for 


FILE  RE-47 


FREDERICK.  MARYLAND 


RELAYS,  CONTROLS,  AND  MAGNETIC  DEVICES 


FOR  ELECTRONIC  &  INDUSTRIAL  APPLICATION 


SENSITIVE  EQUIPMENT, 
in  Modern  Vehicles  of  War, 
takes  a  terrific  beating  from 
shock  and  vibration.  ROTO- 
TROL,  designed  for  just 
such  conditions,  has  served 
thousands  of  planes,  ships, 
tanks  and  other  automotive 
equipment  with  absolute  de¬ 
pendability. 
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THIS  CAN  BE 
YOUR  STAFF 


The  electronic  engineers  who  direct  the  making 
of  Pan>El  Control  Crystals  are  ready  to  work  with 
you  in  the  development  of  circuits  for  any  applica¬ 
tion  calling  for  the  accurate  control  of  frequency. 
Through  the  War  their  experience  has  broadened 
tremendously. 

In  order  to  intelligently  produce  the  crystals  needed 
for  so  many  modem  purposes,  it  has  heen  necessary 
for  these  men  to  know  how  they  are  used,  and  even 
to  devise  variations  of  crystals  and  circuits  to  achieve 
specific  results  heretofore  thought  impossible. 

That  kind  of  knowledge  can  serve  in  your  postwar 
planning,  and  the  men  on  our  staff  who  have  it  are 
at  your  service,  as  are  the  full  facilities  of  our  quan¬ 
tity-production  of  the  most  difficult  known  crystals. 


PAN-ELECTRONICS  LABORATORIES,  INC. 


500  Spring  St.,  N.W.,  Atlanta,  Georgia 


^  QU^TITY  PRODUCERS  OF  STANDARD  AND  SPEGAL 


tion  of  the  rays  at  the  Equator  sad 
at  sea-level  is  O.OS  per  cm*,  and  that 
at  latitude  45  deg  is  10  times  this 
value.  CJosmic  rays  produce  30-35 
ion  pairs  per  cm  of  air  at  1  attnos- 
phere  pressure,  and  it  requires  35 
electron-volts  to  create  a  pair. 

The  rays  cause  many  secondary 
phenomena  such  as  the  transmu¬ 
tation  of  the  elements  and  the  cre¬ 
ation  of  helium  and  hydrogen,  be¬ 
sides  causing  ionization  in  the 
atmosphere;  they  also  produce  ab¬ 
normal  variations  in  animal  and 
vegetable  life.  The  secondary  rays, 
produced  when  cosmic  rays  strike 
atoms,  appear  to  be  reflected  from 
minerals,  oil  and  water  in  the  crust 
of  the  earth.  Cosmic  rays  are  one 
of  the  causes  of  the  uncertainties 
associated  with  flashover  in  high- 
voltage  work. 

The  device  for  the  detection  and 
counting  of  cosmic  rays  comprises 
two  wires  side  by  side  in  a  glass 
tube  across  which  a  gradually  in¬ 
creasing  voltage  is  applied  until 
the  sparking  potential  is  ap¬ 
proached.  To  prevent  flashovers,  a 
high  resistance  is  placed  in  series 
and  connected  to  a  sensitive  detec¬ 
tor  such  as  an  electronic  electrom¬ 
eter.  To  determine  the  direction 
of  the  rays,  two  counters  are  placed 
one  above  the  other  and  are  con¬ 
nected  in  series  and  wired  to  a 
negatively  charged  screen-grid 
tube;  thus  a  record  is  made  only 
when  each  grid  attains  a  positive 
potential.  When  a  cosmic  ray  passes 
through  the  counter,  positive  and 
negative  ions  are  produced,  those 
of  one  sign  being  attracted  to  the 
walls  and  the  others  to  the  center 
wire. 

Wilson’s  expansion  cloud  cham¬ 
ber  is  still  the  best  means  of  ob¬ 
taining  a  photographic  record  of 
the  effects  of  cosmic  rays  upon  gas 
molecules.  It  was  by  means  of  this 
j  apparatus  that  the  positron  was 
j  discovered  by  Dr.  Carl  Anderson  in 
1  1932.  In  1938  the  mesotron,  or 

I  heavy  electron  (approximately  200 
1  times  heavier  than  the  electron) 
was  discovered  in  the  Wilson  cloud 
chamber  when  studying  cosmic 
radiation.  The  average  life  of  the 
mesotron  is  estimated  at  one  mil 
Month  of  a  second. 

The  positron  has  the  same  mass 
as  the  electron,  namely  9  x  lO* 
grams,  but  its  charge  is  of  oppo¬ 
site  sign,  and  the  force  of  attrac¬ 
tion  between  them  is  10**  times 
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by  LOUIS  SCHEia 

geniral  ceramics 

STEATITE  CORPORATION 
KIASIIT  niw  JItSiY 


IN  ORDER  to  take  full  advantage  of 

General  Ceramics  &  Steatite  Corporation’s 
facilities  for  the  production  of  high  quality  steatite 
insulators,  we  are  offering  a  new  booklet, 


DESIGN  CRITERIA”.  This  booklet  describes  the 


various  methods  of  manufacture  and  outlines  in  detail 


the  characteristics  peculiar  to  good  steatite  insulator  designs. 
Adherence  to  the  principles  outlined  in  this  booklet 
in  the  design  of  new  insulators  will  result 
in  lower  costs,  quicker  delivery 
and  improved  quality. 


WRITE  FOR  YOUR  COPY  TODAY 
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\  Commutation  is  the  heartbeat  of  a 

%\  motor  or  dvnamotor.  A  schoolboy  might  define  this 
important  funaion  as:  “conducting  the  right  voltage  to 
j  the  right  place  at  the  right  time.”  That  description  is 
I  simplicity  itself,  but  not  so  simple  are  the  design 
^  calculations  upon  which  commutator  manufacture 

^  and  performance  are  based. 

In  d.c.  machines,  such  as  Eicor  motors 
and  dynamotors,  commutation  reverses  current 
direaion  thousands  of  times  per  second,  each  reversal 
*  involving  the  making  and  breaking  of  a  momentary 
contaa.  To  provide  years  of  unfailing  service,  the 
commutators  must  be  large  enough  to  carry  the  current 
and  dissipate  the  heat  but  still  be  of  a  diameter  small 
enough  to  afford  moderate  peripheral  speed  and  long 
brush  life.  Division  of  the  commutator  into  segments 
of  proper  number  is  based  on  such  faaors  as  voltage, 
composition  and  size  of  brushes,  and  on  performance 
requirements. 

The  individually  formed  copper  and 
mica  segments  are  hydraulically  swaged  into  permanent 
position  on  the  mica  lined  steel  core.  After  heat 
treating,  high  potential  tests  are  made  between 
segments  and  from  each  segment  to  ground  to  prove 
insulation.  When  the  commutator  is  mounted  and 
connected  as  part  of  a  complete  armature,  it  is  finished 
by  turning  and  undercutting  (illustrated),  and  then  by 
machining  to  concentric  limits  measured  in  “tenths.” 

Goo</  commutation,  so  vital 
to  the  fine  performance  of  an  Eicor  unit, 
can  be  consistently  achieved  only 
\  by  men  with  specialized  knowledge 
and  experience.' 


irons  we  are  dealing,  therefore, 
with  centers  of  energy  and  not  with 
the  ordinary  matter  or  material 
that  we  have  been  brought  up  to 
believe  in.  Matter  is  able  to  exist 
either  as  a  corpuscular  material 
obeying  the  laws  of  gravity  or  in 
an  undulatory  ethereal  state. 

The  whole  universe,  including 
forms 


one  comprehensive 


man, 

unit  and  when  any  particle  of  this 
universe  changes  its  state,  it  is 
transplanted  by  different  types  of 
radiation  and  rebuilt  in  the  depths 
of  space. 


Microdensitometer  with 
D-C  Amplifier 

By  S.  R.  Winters 
Phototubes,  used  in  conjunction 
with  a  direct-current  amplifier  in 
a  null  circuit  where  readings  are 
obtained  from  a  calibrated  light 
wedge,  comprise  an  electronic  mi* 
crodensitometer  designed  by  Joseph 
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ELB 


Our  products  and  our  services  are  available  to  you.  Use 
them — and  be  sure  of  satisfaction. 


ELECTRONICS  — Ju/y  1944 


ion  of 

■es’ilta 
iy  an-  5 
8  rise 
Rnetic 
direc- 
light 
to  the 
e  con- 


instein  ' 
matter  i 
energy 
ero  up 
it  elec- 
travel 
lut  can 
to  in- 
being 
icy  of 
quency 
I  every 
thus, 
oltage, 

on  has 
ly,  but 
ectrical 
lasa  at 
radius 
radius  | 
9  times 
is  10-“ 
oton  is 

id  elec- 
irefore, 
ot  with 
naterial 
[;  up  to 
to  exist 
naterial 
y  or  in 

eluding 
hensive 
of  this 
it  is 
3rpe8  of 
I  depths 


junction 
lifter  in 
ngs  are 
id  light 
inic  mi- 
’  Joseph 

fRONICS 


For  the  inside  facts  about  precise  radio  frequency  con¬ 
trol,  look  inside  the  holder! 


PRODUCTS  COMPANY 

1519  McGee  Street,  Kansas  City,  Mo. 

Producers  oi  Approved  Precision  Crystals  for  Radio  Froquoncy  Control 


Crystal  Holder  Units  are  made  in  many  types,  but  each 
depends  upon  the  quartz-crystal  blank  for  its  accuracy 
in  final  performance. 


This  is  why  more  and  more  electronic  engineers  specify 
quartz  oscillator  plates  made  by  Crystal  Products  Com¬ 
pany.  Here  they  get  crystals  made  imder  the  most 
exacting  methods  of  control.  Here,  too,  they  find  valu¬ 
able  cooperation  in  engineering  the  crystal  and  its  holder 
for  any  specific  circuits. 


Here’s  The  Precision  Factor 
in  Ra«Uo  Frequency  Control 


Look  to  Speiii 

FOR  ADVANCES  IN 
SELECTIVE  RADIATION 


You  have  known  of  Sperti,  Inc.  as  a 
pioneer  in  the  field  of  selective  radiation. 

Sperti  lamps  for  the  irradiation  of  food, 
to  increase  vitamin  D  content,  are  widely 
applied.  So  also  is  the  Spertifier,  an 
ultraviolet  source  radiating  in  a  selected 
band.  For  some  time  it  has  been  standard 
equipment  in  many  packing  plants,  locker 
plants  and  meat  markets  where  it  inhibits 
the  growth  of  mold.  It  allows  tenderizing 
enzymes  to  act  in  the  meat  without  mold 
and  without  spoilage. 

The  Sperti  ultraviolet  lamp  combin* 
ing  ultraviolet  and  infrared  rays  has  been 
accepted  by  the  medical  profession  and 
domestic  users. 


G.  Baler,  associate  professor  of  zo¬ 
ology  at  the  University  of  Wiscon¬ 
sin.  The  instrument  provides  a 
rapid  method  of  measuring  the  tur¬ 
bidity  of  tiny  amounts  of  solutions 
and  requires  samples  of  only  one  cc 
in  standard  75  by  10  mm  chemical 
test  tubes  for  any  determination. 

Two  phototubes  are  employed  in 
a  balanced  bridge  circuit  and  read¬ 
ings  are  obtained  by  adjusting  a 
light  wedge,  calibrated  in  percent¬ 
ages  of  illumination,  transmission 
from  100  to  zero,  to  balance  the 
quantity  of  light  absorbed  by  the 
unknown  over  the  control  speci¬ 
men.  The  electronic  circuit  func¬ 
tions  on  the  null-reading  principle 
and  is  employed  to  show  the  balance 
point  Graphs  were  made  from  di¬ 
lutions  of  India  ink  and  copper  sul¬ 
fate  (using  suitable  color  filters), 
and  the  linearity  of  these  graphs 
was  in  conformity  with  data  of  the 
Bouguer-Beer  law. 


Tha  circlet  of  the  microdoiuitoinoter 
contoina  a  0-200  microominotor  to  roqia- 
tor  tho  nnbalanco  of  tho  bridqo  circuit 
formed  by  the  phototubes.  Not  shown 
in  the  diagrcon.  a  150.000-ohm  resistor 
is  in  series  with  the  meter  to  limit  tho 
current  to  slightly  less  than  full-scale 
deflection  of  the  pointer 


While  Sperti  is  engaged  in  war  work, 
these  products  of  selective  radiation  have 
necessarily  given  way  to  more  urgent 
military  demands. 

But  in  the  laboratories  beyond  Sperti, 
engaged  in  pure  research,  work  on  selec¬ 
tive  radiation  has  continued  with  devel¬ 
opments  that  may  have  wide  postwar 
applications  in  broadly  diversified  fields. 

It  is  suggested  that  you  maintain  a  con¬ 
tact  with  Sperti,  Inc.  so  that  you  may  be 
kept  informed  of  these  later  developments. 


A  year  was  spent  in  designing, 
constructing  and  testing  the  device 
for  use  in  biological  work  in  the 
study  of  animal  relationships,  in¬ 
volving  the  measurement  of  the 
amount  of  precipitate  in  suspen¬ 
sion.  However,  the  instrument  is 
also  applicable  to  related  biological 
problems,  as  well  as  to  measuring 
the  density  of  colored  solutions  by 
employing  color  filters. 

Sensitivity  and  reliability  are  the 
two-fold  advantages  claimed  for 
this  new  densitometer,  in  addition 
to  its  requirement  of  only  very  min¬ 
ute  amounts  of  a  chemical  solution 
to  make  an  exact  determination. 
The  two  phototubes  have  maximum 


INCORPORATED 


RESEARCH.  DEVELOPMENT,  MANUFACTURING  •  CINCINNATI,  OHIO 
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MOLDED  MICA 
CAPACITORS 


Tbe  Navigator  takes  a  depth 
reading  from  the  FATHOM¬ 
ETER  located  in  the  Chart 
Room. 


mu9l  •/< 


Somewhere  in  the  South  PaciBc 
Coast  Guardsmen  tune  in  on 
their  portable  set-up  on  the 
beach  to  establish  radio  contact 
with  their  ship  standing  off 
shore. 


Somewhere  inside  this  Fathom¬ 
eter — somewhere  in  the  portable 
radio  set-up— 4mt  always  in  a 
vital  spot,  will  be  found 
EL-MENCO  SILVER  CAPACITORS 
performing,  in  their  unobstru- 
sive  way,  their  very  important 
functions. 


Oar  aew  Capacitor  CataloKae,  for 
manufacturers  of  Electronic  Equip¬ 
ment,  is  now  ready  for  distribution. 
Send  for  it  today— on  your  firm  letter* 
head. 
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sensitivity  in  the  red  and  infr  i-red 
region  and  readings  were  obt  lined 
against  dilutions  of  a  standard  so¬ 
lution  of  copper  sulfate,  conta  ning 
6  percent  (6.1336  grams  of  cupric 
sulfate  pentahydrate  per  100  rnl  of 
water)  of  copper  sulfate.  Previously 
designed  densitometers  have  re¬ 
quired  relatively  large  samples  of 
solution  for  satisfactory  an.  iysia. 

Operation 

In  the  Baier  microdensitometer, 
both  phototubes  function  th  jugh 
one  light  source;  changes  of  in¬ 
tensity  in  illumination  having  the 
same  effect  on  both  cells  but  no  in¬ 
fluence  on  the  null  reading.  Voltage 
to  the  amplifier  circuit  and  the  pho¬ 
totubes  is  stabilized  by  a  VR  105-3(1 
voltage-regulator  tube.  The  instru 
ment  functions  on  the  principle  that 
a  very  minute  change  in  light  in 
tensity  falling  on  one  phototube 
against  that  falling  upon  the  other 
after  they  have  been  adjusted  prev 
iously  for  the  null  point,  causes  s 
change  in  electronic  emission  of  one 
phototube.  Accordingly,  the  grie 
of  the  electronic  amplifier  become! 
either  more  or  less  negative  that 
when  at  the  null  point  and  the  tube 
in  turn,  causes  the  microammetei 
in  the  plate  circuit  to  indicate  s 
deflection. 

A  light  wedge  (decreasing  th( 
size  of  the  light-transmitting  win 
dow)  is  then  manipulated  to  caus( 


DOWN  TO 
'A  MICRON 

f  REFERRED  TO  \ 

Iruleod  gauge  ^ 


Has  it  legs?  Does  it  bark  like  a  dog?  Many  people  using  vacuum 
pumps  and  working  with  microns  couldn’t  identify  a  micron  if 
they  saw  one.  When  used  in  reference  to  pressure  (absolute)  a 
micron  is  the  weight  of  a  column  of  mercury  0.001  millimeter  in 
height.  A  column  of  mercury  1  MICRON  (.001  mm)  in  height 
produces  a  pressure  in  pounds  per  square  inch  of  0.0000193, 
which  is  mighty  close  to  nothing.  But  every  KINNEY  Com¬ 
pound  Dry  Vacuum  Pump  must  pump  down  to  0.2  micron  before 
being  shipped! 

Thousands  of  KINNEY  Vacuum  Pumps  are  maintaining  the 
low  absolute  pressures  so  vital  in  the  electronic  industry. 


ASK  FOR  BULLETIN  18 

We  also  manufacture  vacuum  tight  valves,  liquid  pumps, 
clutches  and  bituminous  distributors. 


Th«  turbidity  of  nnaU  amounts  oi  toln- 
tions  in  chemical  test  tubes  con  be 
measured  with  this  electronic  micro- 
densitometer 


the  microammeter  to  register  tl 
null  reading  again,  returning  thi 
phototubes  back  to  the  same  d' 
grees  of  illumination  and  electn: 
bombardment  as  in  the  first 
The  amount  of  movement  of  t‘  ' 
light  wedge,  necessary  to  retun 


MANUFACTURING  CO. 

3565  WASHINGTON  STREET.  BOSTON  30.  MASS. 

New  Yorh  •  Chicago  •  Philadelphia  •  Los  Angeies  •  Son  Praacisee 
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From  *'A'*  tor  "Air  Conditioning’*  and  ‘‘Ammunition’’  to  ‘‘W’’  for 
Wo/ding  and  ‘‘Whito  waro’’^  Footo  research  and  products  are  in 
demcmd  by  American  industries.  Whatever  your  business  there  is 
a  strong  possibSHy  that  you  can  use  one  of  the  hundreds  of  Foote 
products  (ores,  minercJs,  dtemictJs  and  oBoys)  to  advantage  or 
that  you  may  benefit  through  Foote  research.  Find  out  what 
Foote  is  doing  withm  your  industry.  Let  Foote  work  with  you 
in  developirtg  the  materials  you  use. 


t 


PHILADEIPHIA  •  ASBESTOS  •  EXTON,  PENNSYLVANIA 
Horn*  Offies,  1*17  SUMMER  STREET,  PHILADELPHIA,  PA. 

Wm*  CooU  Raprj  Oriffin  CiM«iic«l  C*,,  Sam  Fraociico,  CoBf,  •  BngOA  K*pru  Emtt  B.  WadiiMii,  M,,  loi^n,  Eng) 
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Commands  are  Vital , , , 

At  high  altitudes  and  under  ail  temperature  and 
humidity  variations,  Permoflux  Dynamic  Headphones 
meet  pounding  battle  requirements  with  rugged 
mechanical  strength  and  the  utmost  in  communication 
intelligibility.  The  same  engineering  principles  that 
set  the  pace  for  improved  headphone  performance 
under  adverse  noise  conditions  are  making  their  con¬ 
tribution  to  the  superior  line  of  Permoflux  Speakers, 
Microphones,  Transformers  and  *  other  electronic 
.apparatus. 

BUY  WAR  BONDS  FOR  VICTOR  Y/ 

jpERM#FUIX 

^  PERMOFLUX  CORPORATION 

4916-22  W.  Grand  Ave.,  Chicago  39,  III. 

WANurACTutus  or  mimanent  magnet  dynamic  transducers 


the  instrument  to  the  null  point,  is 
an  exact  measure  of  the  quantity  of 
light  absorbed  by  the  unknown  .am. 
pie.  Thus,  this  densitometer  ig 
brought  to  an  arbitrary  null  point 
for  each  determination  by  contrd- 
ling  the  light  shed  upon  the  two 
phototubes. 

A  pair  of  like  sample  chemical 
tubes,  when  positioned  successively 
in  the  path  of  the  illumination  go. 
ing  to  one  phototube,  will  not  cause 
a  change  in  the  null  point.  If  one  of 
the  tubes  is  replaced  by  an  un¬ 
known  chemical  tube  of  different 
density,  less  light  will  go  through 
to  fall  on  the  one  phototube,  and 
the  light  wedge  must  be  adjusted 
to  return  the  apparatus  to  the  null 
reading.  Graphs  are  plotted,  on 


Light  from  a  contrally  locotod  bulb 
shinM  horisontolly  through  a  tubing  to 
uhioldod  phototubos  ort  tho  onds  of  th« 
chouis  in  tho  microdonsitomotor.  Giom- 
iced  tost  tuboo  contotning  solutions  on 
insortod  in  ocKh  lightboom  through 
orificos  In  tho  tubing 

semi-logarithmic  paper,  of  the 
light-wedge  observations  to  be  had 
from  solutions  of  known  density, 
and  the  unknown  sample  concentra¬ 
tion  is  obtained  by  referring  to  the 
known  graphic  determination.  With 
a  calibration  curve  for  any  sub¬ 
stance,  it  can  be  employed  for  com¬ 
puting  the  unknown  sample,  inas¬ 
much  as  the  light  wedge  cannot 
alter  its  calibration,  as  is  possible 
using  direct  readings  from  photo¬ 
tube-meter  instruments. 

The  degree  of  sensitivity  can  be 
controlled  by  varying  the  voltage 
impressed  upon  the  phototubes,  or  I 
on  the  plate  and  screen  of  the  am¬ 
plifier  tube.  Different  ranges  of 
sensitivity  can  be  provided  by  vary¬ 
ing  the  screen  voltage  from  a 
tapped  voltage  divider  with  a  multi¬ 
pole  switch.  The  apparatus  may  be 
also  used  as  a  turbidimeter  and 
abridged  spectro-photometer. 
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anaamt  CajpacittuCanTake  hi 


. .  Big  fransmitfers  require  *'big‘*  capacitors.  Not  necessarily  *'big'*  in 
(Ayiical  size,  but  “big”  in  performance — in  faithfulness  of  operation 
under  severe  operating  conditions.  SANG  AMO  TYPE  G  CAPACITORS 
«e  truly  "big"  In  this  real  sense  of  the  word.  Used  in  equipment  vdiich 
frequently  necessitates  KVA  ratings  in  the  hundreds  of  thousands,  Type  G 
capacitors  were  designed  and  are  monufactured  "to  carry  the  load", 
whether  for  continuous  or  intermittent  duty.  Built  to  the  exacting  speci* 
fications  of  the  American  War  Standards  for  Rxed  Mica  Dielectric 
Capacitors,  (temperature  rise,  retrace  characteristics,  and  temperature 
coefficient,  as  well  as  humidity  requirements)  the  dependaUe  perform¬ 
ance  of  many  thousands  now  in  service  is  the  best  proof  of  the  inherent 
quality  of  these  capacitors. 

SANGAMO  ELECTRIC  COMPANY 

SPRINGFIELD,  ILLINOIS 
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THE  INSl  X  CO.,  Inc.,  •  857  Meeker  Avenue  •  Brooklyn,  N.  Y. 

Chicago  •  Detroit  •  Los  Angeles  •  Philadelphia 


Zeros  of  Bessel  Functions 

The  tables  shown  give  the  posi¬ 
tive  real  roots  between  0  and  25  for 
function  and  first  derivative  of  Bes¬ 
sel  functions  of  the  first  kind. 
These  tables  were  prepared  by  D. 
B.  Smith,  L.  M.  Rodgers  and  E.  H. 
Traub  for  use  by  the  Research  Di¬ 
vision  of  the  Philco  Engineering 
Department  and  appear  in  the  Jour¬ 
nal  of  the  FranJdvn  Institute  for 
April,  1944. 

Table  I  is  a  table  of  the  roots  of 
the  first  derivatives  (/'n)  of  the 
functions.  These  roots  were  com¬ 
puted  by  one  of  three  methods  de¬ 
pending  on  the  values  of  the  argu¬ 
ment  and  the  root.  For  values  of 


TABLE  I 

Roots  of  /n'(X,>  =  o 


0.0000 

1.841S 

3.054S 

4.8019 

5.3175 

6.4156 

7.5013 

S.5778 

9.6474 

10.7114 

11.7709 

19.8965 

13.8788 

14.9984 

15.9754 

17.0903 

18.0633 

19.1045 

90.1441 

91.1893 

99.9191 

93.9548 

94.9894 


9A317 

5.3314 

6.7061 

8.0159 

9.9894 

105199 

11.7349 

19.9394 

14.1156 

15.9868 

16.4479 

17.6003 

18.7451 

19.8839 

91.0154 

99.1493 

93.9644 

94.3819 


7.0156 

8.5363 

9.9695 

11.3459 

19.6819 

13.9879 

15.9689 

16.5994 

17.7740 

19.0045 

90.9930 

91.4309 

99.6993 

93.8194 


10.1735 

11.7060 

13.1704 

14.5859 

15.9641 

17.3198 

18.6374 

19.9419 

91.9991 

99.5014 

93.7608 


•  This  Bee  Terminal  Block  consists  of  a  pat¬ 
ented  stud  assembly  on  a  laminated  phen¬ 
olic  base.  It  enables  our  fighting  men  to 
repair  electrical  connections  "on  the  spot" 
without,  often-unavailable  soldering  equip¬ 
ment,  crimping  tools,  etc. 

•  To  protect  the  phenolic  base  against  fun¬ 
gicidal  attack  and  the  effects  of  moisture 
infiltration,  L  S.  Brach  Mfg.  Corp.  coats 
their  Bee  Terminal  Blocks  with  INSL-X 
No.  95T*.  This  revolutionary  coating  ad¬ 
heres  perfectly  to  all  phenollcs  •  seals 
against  moisture  •  prevents  leakage  paths 
•  protects  against  fungicidal  attack.  Ap¬ 
proved  by  U.  S.  Army  Air  Forces. 


INSL-X  fungiddet  exceed  governmenf  spedUcations 
for  fungus  resistance  by  several  hundred  per  cent. 

OfHelal  tests  show  they  ar*  een-texle  to 
humans. 


NOTE- 


*Recontntended  by  U.  S.  Army  Signal  Corps 


Fungicide  Manual  EL  Fran  Write  Tadayl 


the  argument  15  or  less,  and  for 
orders  seven  and  below,  the  first 
three  roots  were  obtained  by  the 
method  of  successive  approxima- 
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. 

5 

6 

7  8 

0 

13.3937 

16.4706 

19.6159  99.7601 

1 

14.8636 

18.0155 

91.1644  94.3113 

9 

16.3475 

19.5199 

99.6791 

3 

17.7888 

90.9794 

94.1469 

4 

19.1960 

99.4010 

5 

90.5755 

93.8033 

6 

91.9318 

7 

93.9681 

8 

94.5879 

9 

0 

95.9037 
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There’s  a  big  difference  in  Fasteners ...  even  in 
ordinary  Slotted  Screws.  It  pays  to  insist  on 
Fasteners  that  are  made  right.  Here  are  some 
common  faults  to  look  for  in  Slotted  Screws . . . 


SLOTS 
f  TOO 
shallow 


SLOTS 

PINCH€V 


SLOTS 

Off 

CfNTfti 


sunns ANV 

cnooKfo 

SLOTS 


T 

¥ 

¥ 


HEAD  BREAKS  DRIVER  SLIPS  DRIVER  CAN’T  ENTER  HEAD  BREAKS  WDRK  MARRED 


It  is  commonly  assumed  that  “screws  are  just  screws” — 
all  pretty  much  alike — regardless  of  who  makes  them. 
However,  quality  varies  widely  even  in  the  common 
wood  or  machine  screw,  and  it  makes  a  lot  of  difference 
both  in  assembly  time  and  in  amount  of  spoiled  or 
marred  work. 

The  enlarged  photographs  above  picture  a  number  of 
the  common  faults  actually  found  in  a  single  purchase 
of  commercial  screws  NOT  made  by  National. 

Insist  on  the  screws  you  buy  having  clean  slots  of 
the  right  depth,  properly  centered,  free  from  burrs, 
with  good  threads  and  points.  Attention  to  details  such 
as  these  will  result  in  lower  assembly  costs  and  a  much 
better  product. 


"KNOW-HOW" 

•  in  Design 

•  in  Manufacture 

'  .  T 

,=»  •  in  Delivery 


PRACTICAL  experience  sharpened  and 
broadened  by  the  exacting  test  of  war. 
Such  is  the  story  of  Tc^'pletone’s  amazing 
progress  and  growth  iii"  the  field  of  elec¬ 
tronics.  From  the  designing  stage,  through 
every  phase  of  manufacture  to  “on  the 
dot”  deliveries,  Templetone’s  proven 
“know-how”  in  serving  Uncle  Sam  pre¬ 
sages  even  greater  Templetone  progress  in 
the  peacetime  era  to  come. 


empie 


Electronics  Division 

TEMPLETONE 
RADIO  COMPANY 

Mystic,  Conn. 


tions  using  elementary  functional 
equations  derived  from  the  series 
solution  of  Bessel’s  equation.  The 
values  of  J,  and  7,  for  this  methoc; 
were  taken  from  Table  I  of  Gray, 
Matthew  and  MacRoberts,  “Besse: 
Functions.”  When  values  of  the 
argument  separated  by  0.01  caused 
the  function  to  change  from  one 
sign  to  the  other,  two  additional 
places  were  interpolated,  assuming 
linearity. 

Higher  roots,  i.e.,  the  3rd  and 
above,  of  the  order  to  and  including 
seven,  were  obtained  by  the  M’Ma- 
hon  series.  The  equations  used 
were  found  on  page  260  of  Gray, 
Matthew  and  MacRobert.  However, 
the  equation  for  the  zeros  of  the 
first  derivatives  as  given  there  is 
incorrect,  the  equation  given  being 
that  for  the  (S  +  l)th  root,  and  not 
for  the  Sth  root  as  indicated  there. 

For  orders  above  the  7th,  Tay¬ 
lor’s  series  was  used  for  all  roots 
by  taking  successive  approxima¬ 
tions.  The  values  of  7,(*)  for  all 
orders  for  integral  values  of  x  up  to 
26  are  given  in  Table  II  of  Gray, 
Matthew  and  MacRobert.  From  this 


TABLE  n 

Roots  of  Ja'(X,)  =  o 


\.  Root 
•  \ 
Ordof 

■ 

■ 

3 

4 

0 

8.40483 

5.59008 

8.65373 

11.79153 

1 

3.83171 

7.01559 

10.17347 

13.38369 

S 

5.13568 

8.41784 

11.61984 

14.79595 

3 

6.38016 

9.76108 

13.01590 

16.99347 

4 

7.58834 

11.06471 

14.37854 

17.6160 

5 

8.77148 

18.33860 

15.70017 

18.9801 

6 

9.93611 

13.58999 

17.0038 

90.3808 

f 

11.08637 

14.88197 

18.9876 

91.6416 

8 

18.88509 

16.0378 

19.5545 

98.9458 

9 

13.35430 

17.9419 

90.8070 

94.9339 

10 

14.47550 

18.4335 

98.0470 

11 

15.58985 

19.6160 

93.9759 

IS 

16.6983 

90.7899 

94.4949 

13 

17.80t4 

»t.9568 

-  * 

14 

18.9000 

93.1158 

15 

19.9944 

84.9698 

16 

81.0851 

17 

88.1785 

' 

18 

83.8568 

19 

84.3383 

5 

6 

7 

8 

0 

14.93098 

18.07106 

21.21164 

24.35247 

1 

16.47063 

19.61586 

99.76008 

9 

17.95982 

21.11700 

94.97119 

3 

19.40949 

99.58973 

4 

80.8969 

94.1990 

5 

92.9178 

6 

93.5861 

7 

94.9349 
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.79153 

I.3S369 

1.79595 

t.n347 

r.6160 

1.9801 

>.3«M 

1.6416 

1.9459 

1.9339 


4.35947 


The  Problem  of 
Black  Light  Prospectors 
. . .  and  how 


Vibrators 

Solved  It 
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This  performance  record,  like  those  established  by 
Mallory  vibrators  in  milUons  of  automotive,  aircraft  and 
electrtmic  devices,  is  not  a  happen*8o.  It  was  earned  the 
hard  way — by  long  e3q>erience,  quality  woikmanship,  and 
the  most  extensive  research  ever  undertaken  by  a  vibra¬ 
tor  manufacturer. 


If  the  use  of  your  product  depends  on  the  conversion  of 
power  from  low  voltage  or  batteiv’  sources,  Mallory 
"know  how”  can  serve  you  well. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


The  Mineralight  is  a  quartz  ultra-violet  lamp  which,  when 
used  in  darkness,  excites  vivid  color  responses  from  fluo¬ 
rescent  objects.  It  is  especially  valuable  in  assaying 
minerals;  and  in  all  parts  of  the  world  its  magic  black 
light  rays  are  uncovering  hidden  wealth  in  scheelite,  mer¬ 
cury,  zinc  and  other  ores. 


In  ordinary  prospecting,  no  source  of  commercial  alternat¬ 
ing  current  is  available  to  operate  the  lamp.  So  the 
makers  of  the  Mineralight  came  to  Mallory  for  help  in 
obtaining  high  voltage  direct  current  from  a  low  voltage 
storage  battery.  Standard  Mallory  vibrators  were  recom¬ 
mended,  and  proved  their  long  Ufe  and  dependability  in 
arduous  service.  Today  the  Mineralight  is  an  indispensable 
instrument  in  mill  and  mine  operations. 


AND  VIBRATOR 


Buy  More  War  Bonds 


Preferred  by  the  Armed  Forees— 

MALLORY  Vibrapack* 

^  Flexible,  heavy-duty  vibrator 

BA  ^  '•  power  supply,  built  to  take 

W  I  rough  handling  and  to  operate 
a  under  great  extremes  of  heat, 
ivlmi  L.  humidity.  Widely  used 

under  war  conditions.  Ideal  for 
|»eacetime  products. 

N  X  *Vihrapack  is  th»  rrfistrrrd  tnsdr- 

mart  of  P.  R.  MaUorr  A  Co., 

Inc.,  for  cihrator  power  supplies. 


P.  ft  MALLORY  a  CO. Inc 


VIBRATORS 


POWER  SUPPLIES 


nL  - 


PACKAGED  METAL  ENGINEERING 

saves  you  time,  money,  labor  on 

PRECISION  FABRICATED  PANELS 


table  all  derivatives  of  Jn(x)  may 
be  obtained. 

Table  II  is  a  table  of  the  roots 
of  the  Bessel  functions  themsolves 
and,  with  the  exception  of  the  first 
roots  of  the  16th  through  20th,  or¬ 
ders  were  all  calculated  by  the  last 
mentioned  method,  taking  two 
points  for  each  root  and  interpi  lat- 
ing. 

The  first  roots  of  the  16th 
through  20th  orders  were  obtained 
by  use  of  the  formula  found  on 
page  143  of  Jahnke  and  Emde,  “Ta¬ 
ble  of  Functions”  third  edition, 
which  equation  holds  good  only  for 
high  orders  of  the  functions. 

It  is  believed  that  the  tables  are 
accurate  to  the  extent  that  the  last 
figure  is  within  plus  or  minus  two 
of  the  correct  value. 


Effect  of  Thin  Oxide 
Films  on  Cathodes 

Possible  modification  in  existing 
theories  of  oxide-coated  cathodes 
are  suggested  in  a  paper  by  George 
E.  Moore  and  H.  W.  Allison  of  Bell 
Telephone  Laboratories,  Inc.,  ab¬ 
stracted  in  the  Physical  Review  for 
April  1  and  15,  1944.  Data  are  pre¬ 
sented  which  indicate  that  approxi¬ 
mately  0.001  monomolecular  layer 
of  alkaline  earth  oxide  absorbed  on 
tungsten  or  molybdenum  filaments 
produces  optimum  thermionic  emis¬ 
sion  which  is  approximately  the 
equivalent  of  that  obtained  with 
conventional  oxide-coated  cathodes. 

An  effort  was  made  to  eliminate 
the  effects  of  free  alkaline  earth 
metal.  It  was  found  that  the  heats 
of  adsorption  of  the  oxides  to  either 
tungsten  or  molybdenum  are  equiva¬ 
lent  to  the  heats  of  formation  of 
stable  compounds  and  are  in  the 
order  BaO,  SrO,  CaO ;  and  that  for 
SrO  (and  probably  for  BaO)  the 
tenacity  of  adsorption  to  the  sup¬ 
port  metal  is  in  the  order  Mo,  W, 
Ta,  Pt— Rh. 

The  order  of  the  thermionic  emis¬ 
sion  is  the  same  in  the  various  sys¬ 
tems  investigated.  The  chemical  ac¬ 
tivity  of  the  oxides  is  in  the  same 
order.  It  is  suggested  that  differ¬ 
ences  in  the  dipole  characteristics 
of  the  three  alkaline  earth  oxide 
molecules  are  responsible  for  the 
differences  in  thermionic  emission, 
adsorption,  and  chemical  activity. 
A  theory  involving  oriented  adsorp¬ 
tion  is  proposed  which  appears  to 
account  for  the  phenomena. 


Grammes  has  the  complete  production  facilities  and  precision 
skills  to  produce  Panels,  Dials,  Escutcheons,  Bezels,  and  Name 
Plates  that  are  intricate,  varied  and  unusual.  Typical  of  doing 
the  unusual  is  this  etched  radio  panel— a  masterpiece  of  22  ac¬ 
curately  placed  holes  and  4-color  enameling  on  bonderized  .031 
gauge  steel. 

Grammes  “Packaged  Metal  Engineering”  provides  ONE  ver¬ 
satile  source  of  fabricating  and  assembly  skills,  with  69  years  of 
“know-how”  experience.  The  all-under-one-roof  facilities  listed 
provide  a  centralized  set-up  foT  efficient,  rapid,  and  economical 
production. 

Let  the  all-inclusive  services  and  facilities  of  “Packaged  Metal 
Engineering”—*//;  one  package  .  ,  .  in  one  service,  we  take  over 
ALL  responsibility— acting  as  YOUR  Factory,  from  Design  Re¬ 
search  to  Drop  Shipments— help  you  save  time,  money,  and 
labor  on  your  parts  or  product. 


•  STAMPING 

•  DRAWING 

•  SPINNING 

•  WIRE  FORMING 

•  ETCHING 

•  LITHOGRAPHING 

•  TOOLS  &  DIES 

•  EMBOSSING 

•  HARD  ENAMELING 

•  SCREW  AAACHINES 

•  LINE  ASSEMBLY 

•  MACHINING 

•  SPRAYING 

•  HEAT  TREATING 

•  DRILLING 

•  WELDING 

•  PLATING 

•  ENAMELING 


CONTRACT  SERVICE 

■your  COMPLETE  manufacturing  source 


DECORATED  METAL 
PRODUCTS  SPECIALISTS 
—  applying  artistic 
designs  and  finishes 
that  add  beauty  and 
color  to  your  product. 


From  idea  development  and  product  improvement  to  post-war  manu- 
fiicture.  Grammes  Contract  &rvice  facilities  are  available  NOW  for 
Research,  Design,  and  Engineering.  Let  us  work  with  you,  complete 
confidence  assured.  Send  today  for  our  booklet— "Contract  Service  by 
Grammes”— address  Dept.  1-7. 


MASTER  CRAFTSMEN  IN  METAL’ 


CHICAGO 


DECORATED  METAL  PRODUCTS  •  ETCHED  DIALS  •  PANELS  •  PLATES  •  CONTAQS  'TERMINALS  •  CLIPS  •  LUGS •  ETC 


ELECTRONICS 


Thermostat  and 
Heater^  Crystal 
Dew  Point  Con¬ 
trol 


Type  RT  Ther¬ 
mostat.  Adjust¬ 
able  Tempera¬ 
ture  Control 


it’s  closed . . . 


Klixon  Disc -Operated  Controls 
provide  occurote,  dependoble  performance 

Actuated  by  the  scientifically  calibrated  ther¬ 
mostatic  disc,  Klixon  disc-operated  controls 
''snap”  the  circuit  open  with  a  quick,  clean 
break — and  "snap”  it  closed  again  to  a  solid 
make  no  matter  how  often  they  operate.  Be¬ 
cause  Spencer  Controls  have  no  complicated 
relays,  toggles,  magnets  or  other  fussy  parts, 
their  accurate  performance  is  unaffected  by 
shock,  vibration,  motion  or  altitude  regardless 
of  the  position  of  mounting. 


Type  C-4351 
Thermostat. 
IJ sed for  Tube 
Warmingt  Tube 
Coolin  gf  High 
Limit  Controls^ 
etc. 


Type  ER  Series. 
Ambient  Com¬ 
pensated  Time 
Delayed  Relays 


No  matter  what  your  control  problem — such 
as  motor  and  transformer  overheat  protection, 
electrical  circuit  overload  protection,  thermal 
time  delays  or  temperature  control  for  radio 
equipment — it  is  probable  that  one  of  the  many 
standard  types  of  Klixon  snap-acting  Controls 
will  meet  your  requirements.  Write  for  com¬ 
plete  information  today. 


SPENCER  THERMOSTAT  COMPANY,  ATTLEBORO,  MASS. 
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ADVANCED  ENGINEERING 

TriORDARSON 

COMPACT,  HERMETICALLY-SEALED 
TRANSFORMER  FOR  AIRBORNE  SERVICE 


Electric  Shock 

(Continued  from  png*  142) 


about  three  times  that  of  the  60> 
cycle  current  This  problem  has 
been  studied  from  two  angles,  one 
the  maximum  current  which  a  per¬ 
son  could  stand  before  distress  was 
caused  and  second,  the  amount  of 
current  required  to  kill  laboratory 
animals. 

The  former  method  of  attack  was 
taken  by  A.  E.  Kennelly  and  E.  F. 
Alexanderson.*  Their  data  is  sum¬ 
marized  in  Fig.  6.  In  each  case  the 
current  was  slowly  increased  until 
it  was  felt  that  further  increase 
would  cause  distress.  Note  that  the 
current  that  can  be  tolerated  with¬ 
out  distress  rises  rapidly  with  fre¬ 
quency. 

Above  100,000  cps  the  only  effect 
produced  by  the  current  was  that 
of  heat.  The  explanation  that  has 
been  advanced  for  this  behavior  is  ' 
that  the  alternations  of  the  current 
are  too  rapid  to  have  any  effect  on 
the  nerve  cells. 

The  heating  effect  of  the  higher- 
frequency  currents  is  used  to  ad¬ 
vantage  in  diathermy  machines 
where  frequencies  of  600,000  to 
1,000,000  cps  with  currents  of  0.5 
to  5  amperes  are  used.  A  second 
application  is  electrosurgery.  Here 
a  platinum  needle  and  a  large  elect¬ 
rode  are  used.  The  needle  produces 
such  a  high  current  density  that 
the  tissues  are  completely  de¬ 
stroyed  by  heat. 

The  second  line  of  attack  was 
taken  by  A.  G.  Conrad  and  H.  W. 
Haggard*.  They  studied  the  cur^ 
rents  necessary  to  cause  death  for 
shocks  of  different  durations  at 
various  frequencies.  Their  results 
on  rats  are  summarized  in  Fig.  7. 
Note  that  the  amount  of  current  re¬ 
quired  to  kill  increases  with  the 
frequency. 

These  results  as  well  as  those  of 
W.  Kouwenhoven,  D.  Hooker  and 
E.  I.otz*  show  that  the  frequencies 
that  are  the  most  dangerous  are 
those  in  the  neighborhood  of  60 
cps. 

Let  us  turn  our  attention  to  the 
number  of  electrical  accidents  that 
actually  occur,  and  the  percentage 
of  them  that  turn  out  to  be  fatal. 
An  analysis  by  E.  Krohne*  of  848 
electrical  accidents  in  Germany 
from  1930  to  1935  showed  that  314 
involved  voltages  under  500  volts, 


A  type  of  hermetic 
seal  construction 
to  meet  the  newest 
rigid  requirements 
of  the  Armed 
Forces. 


High  efficiency  in  a  small 
package. . . this  compact 
high  frequency  power 
transformer  (60  to  2600 
c.  p.  s.)  fills  a  difficult 
airborne  application. 


Since  the  terminal  seal  em- 

f)loys  metal  and  glass,  abso- 
ute  protection  is  assured 
against  all  performance 
difficulties,  usually  caused 
by  climatic  changes. 


TtANSFORMER  DIVISION 

TNORDARSON  ELiaRIC  MFC.  CO. 

500  WEST  HURON  STREET,  CHICAGO,  lU. 
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KLYSTRON 


A  pencil  of  energy  beamed  like  light 


IF  YOU’LL  imagine  an  search-  in  a  straight  line,  and  it  can  pierce 

light  beam,  you’ll  have  a  good  fog,  smoke,  and  clouds  which 

picture  of  how  Klystron -generated  would  stop  a  light  beam, 

radio  waves  can  be  directed  into  a  Sperry-developed  Klystron  tubes  are 
narrow  “p)encil”  of  energy.  used  in  many  equipments  now  serv¬ 

ing  our  Armed  Forces.  Later,  Kly- 
^  This  direction  is  accomplished  by  stronics  will  open  the  door  to  the 
suitable  reflectors.  The  beam  of  development  of  many  ingenious 
ultra-high-frequency  waves  travels  peacetime  devices. 


^  Klystrons  are  now  being  produced 
in  quantities,  and  certain  types  are 
available. 

The  name  “KLYSTRON”  is  a  regis¬ 
tered  trade-mark  of  the  Sperry  Gyro¬ 
scope  Company,  Inc.  Like  many 
other  Sperry  devices.  Klystrons  are 
also  being  made  during  the  emer¬ 
gency  by  other  companies. 


Sperry  Gyroscope  Company 

GREAT  NECK,  N.  Y.  •  DIVISION  OF  THE  SPERRY  CORPORATION 
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with  an  average  fatality  rate  of  15 
percent.  The  remaining  534  re¬ 
ceived  voltages  over  500  volts,  ith 
a  fatality  rate  here  of  33  pert  ?nt 
W.  McLachlan*  gives  more  de¬ 
tailed  information  based  on  studies 
of  475  cases  where  electricity  aione 
was  the  cause  of  death,  not  lack  of 
resuscitation,  broken  necks,  burns, 
etc.  (Data  by  Krohne  includes  all 
these  cases,  hence  this  difference 
must  be  kept  in  mind  when  compar¬ 
ing  the  figures.  The  difference  is 
particularly  noticeable  at  high 
voltages,  where  death  from  bums, 
etc.,  is  more  probable.)  McLach- 
lan’s  figures  are  based  on  U.  S.  and 
Canadian  industrial  accidents,  and 
divide  the  accidents  according  to 
the  potential  of  the  circuit  involved: 


Record  of  Accidents  by  Potential 
OF  Circuit  Involved 


Total 

Successful 

Volts 

Cases 

Revival 

0-749 

65 

63% 

750-4999 

212 

65% 

5000-39,999 

167 

69% 

40,000  and  over 

26 

88% 

Note  that 

the  danger 

does  not 

necessarily  increase  with  the  volt¬ 
age.  This  is  due  to  two  reasons: 
first,  the  muscular  reaction  is  more 
pronounced  at  high  voltages,  mak¬ 
ing  it  more  likely  that  the  person 
will  be  thrown  clear  of  the  circuit; 
secondly,  as  data  on  animals  has 
shown,  the  heart  is  not  thrown  into 
fibrillation  by  very  large  currents 
(greater  than  250  ma). 

Segregation  of  these  cases  ac¬ 
cording  to  the  method  of  clearing 
revealed  that  of  282  who  fell  clear, 
70  percent  were  successfully  re¬ 
vived  of  179  who  were  pulled  clear 
from  the  circuit,  63  percent  were 
revived.  This  may  appear  puzzling 
at  first,  for  one  would  expect  the 
difference  to  be  more  pronounced. 
Remember,  however,  that  it  takes 
only  a  shock  of  a  fraction  of  a  min¬ 
ute  to  throw  the  heart  into  a  fatal 
fibrillation  or  to  cause  a  respiratory 
block.  After  that,  the  effect  is  a 
heating  of  the  body.  It  is  true  that 
if  the  heating  is  very  severe,  it  may 
cause  damage  to  the  cells  of  the 
nervous  system  or  severe  burns,  but 
often  it  is  not. 

The  data  by  McLachlan  shows 
that  if  resuscitation  is  instituted 
soon  after  the  accident,  the  fatality 
can  be  reduced  to  33  percent.  This 
is  in  agreement  with  the  figure  of 
23  percent  obtained  by  Kawaran- 


Dependability  of  radio  equipment  doesn’t  begin  with  the  Walkie- 
Talkie  man  reporting  enemy  movements  or  directing  Allied  ad¬ 
vances.  .  .  Dependability  originates  in  plants  manufacturing  ALL 
war  equipment  so  essential  in  conduaing  a  successful  mechanized 
war.  .  .  To  achieve  this  dependability,  thorough,  accurate,  efficient 
testing  and  processing  equipment  is  demanded.  Kold-Hold’s  sub¬ 
zero  and  dual  temperature  units  are  productioneered*  to  enable  you 
to  meet  rigid  specifications  with  dependable  testing  and  processing. 

. . .  Detailed  information  on  Kold- 
Hold  products  and  their  many  ap¬ 
plications  furnished  upon  request. 
Ask  for  catalog  No.  S-Z  431. 


"Hl-llOw"  Machine  *Engineerecl  for  Production 

446  NORTH  GRAND  AVENUE,  LANSING;  4,  MICHIGAN 
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AIR  INDUCTORS  •  VARIABLE  CONDENSERS  •  ELECTRONIC  EQUIPMENT  ASSEMBLIES 


D&lf  MIDGET 

AIR-WOUND  INDUCTORS 


The  coils  have  a  high  Q,  due  to  the 
almost  total  absence  of  insulating 
material  in  the  electrical  field.  They  are 
exceptionally  light  in  weight  and  ex* 
tremely  rigid.  Normally  wound  with 
tinned  copper  wire  in  sizes  from  #28 
to  #14,  they  can  also  be  supplied  with 
coin  silver,  coin  silver  jacketed,  bare 
copper,  or  phosphor  bronze  wire.  All 
types  may  be  equipped  with  either 
fixed  or  variable  internal  or  external 
coupling  links,  or  other  non-standard 
features.  Samples  on  request  to  quan¬ 
tity  users.  Send  us  your  specifications! 


Now,  for  the  first  time,  you  can  get 
B&W  Air-Wound  Coils  In  very  small 
sizes  from  ’/z"  to  diameter,  in  W‘ 
steps,  and -in  winding  pitches  from  44 
to  4  turns  or  less  per  inch.  Almost  any 
type  of  mounting  can  be  supplied. 

Applications  for  these  tiny  coils  in¬ 
clude:  coil  switching  turret  assemblies; 
intermediate  frequency  transformers; 
high-frequency  r-f  stages  (low-powered 
transmitter  or  receiver);  all  types  of 
test  equipment  involving  tuned  r-f  cir¬ 
cuits;  high-frequency  r-f  chokes,  and 
numerous  others.'' 
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ura  in  a  study  in  Japan;  the  fiyare 
of  23  percent  obtained  by  Baraita 
in  a  study  in  France ;  and  the  aver¬ 
age  fatality  rate  for  1930-193r>  in 
Germany  of  24  percent  quoted 
earlier. 

Jex-Blake^  summarizes  in  a  prac¬ 
tical  form  in  Table  I  much  of  the 
data  presented  in  this  paper. 


Btatehing  a  Relay 

to  an  output  tube  circuit'  involves  unusual  consider¬ 
ations  which  are  sometimes  overlooked.  While  the 
results  are  not  strictly  like  the  above  picture,  they  are 
often  nearly  as  unfortunate ! 


Ufe-Saviaq  PracoiHUMr 

We  will  close  with  4  few  T^ractical 
pointers:  *  •>  - 

1.  Don’t  entertain  a  false  feeling 
of  security  by  .beli^i[ng^  that  resus¬ 
citation  can  always- nring  a  person 
back  to  life  after  an*  electric  shock. 
If  the  heart’ is  thrown  into  fibrilla¬ 
tion  (and  this^is  quite  possible)  for 
all  practical  purposes  death  is  in¬ 
stantaneous.  '  M 

2.  In  case  of  electric  shock,  apply 
artificial  resuscitation  immediately. 
Do  not  delay  to  summon  a  doctor 
but  try  to  get  help  while  resuscitat¬ 
ing  the  victim. 

3.  Never  handle  electric  circuits 
with  wet  hands  or  when  feet  are 
wet. 

4.  If  there  is  no  other  means  of 
rescue,  use  your  foot  rather  than 
your  hand  to  free  the  victim  from 
the  live  circuit 

5.  When  working  on  high  volt¬ 
age,  be  sure  the  floor  is  not  a  good 
conductor  (as  far  as  electric  shock 
is  concerned,  a  concrete  floor  is  a 
good  conductor). 

6.  When  handling  high-voltage 
circuits,  it  is  a  good  rule  to  keep 
your  left  hand  in  your  pocket. 

7.  Don’t  work  in  a  position  where 
your  head  is  likely  to  become  a  con¬ 
ductor  in  an  electric  shock. 


WHAT  RESISTANCE  WOULD  YOU  SPECIFY  FOR 
THE  RELAY  COIL  IN  THE  FOLLOWING  CIRCUIT? 


Assume  it  is  desired 
to  energize  the  relay 
from  a  2  volt  D.  C. 
signal  (positive). 


INPUT 

DC 


•2v  I  I  «5v 

The  book  Mys  a  1S4  should  operate  into  a  5,000  ohms  plate  load  when 
used  with  a  67.5  volt  plate  supply.  Bear  in  mind  that  we  wish  to  pot  as  much 
power  as  possible  into  the  relay  under  conditions  of  minimum  signal. 

If  the  relay  resistance  is  5,000  ohins  the  plate  current  will  be  about 
1.5  Ma  with  no  signal,  and  about  3  Ma  with  a  2  volt  signal.  The  corresponding 
power  values  are  .01 1  watt  and  .043  watL  How  good  is  the  match  ? 

A  67.5  volt  circuit  passing  3  Ma  has  a  total  resistance  of  about  22,500 
ohms.  If  less  than  25%  of  this  is  in  the  relay  coil,  it  is  easy  to  see  that  power  is 
being  wasted. 

Now  suppose  we  try  a  resistance  of  about  16,000  ohms.  The  plate  currents 
with  and  without  signal  will  be  around  2.5  and  1.25  Ma.,  corresponding  to  pow¬ 
er  values  of  ,100  watt  and  .025  watt.  Since  a  67.5  volt  circuit  with  2.5  Ma 
flowing  has  a  resistance  of  27,000  ohms  and  we  have  about  16,000  in  the  relay 
coil,  our  match,  although  apparently  not  perfect,  is  a  great  deal  better  than 
before,  and  accounts  for  the  large  increase  in  relay  power.  The  optimum 
match  is  not  necessarily  at  the  point  where  the  circuit  resistance  is  in  the 
relay,  because  of  the  non  linear  tube  plate  current  characteristic.  Usually  the 
relay  resisUnce  should  be  enough  to  drop  the 
plate  voltage  somewhere  near  the  knee  of  the 
plate  current  curve  for  minimum  useful  input 
signal,  with  due  allowance  for  all 
kinii  A  circuit  variations. 
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We  are  anxioue  to  keip  you  on 
Relay  Problem*.  Sead  a*  the 
detail*. 


RELAYS 
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BOSTON  2 of,  MASS. 


SIGMA 
RELAY 
TYPE  4R 


July  1944  ^ELECTRONICS 


NEWS  OF  THE  INDUSTRY 


by  the  Army  and  Navy  and  excess 
stocks  remaining  after  contract 
cancellations  with  manufacturers 
are  included  in  that  classification. 


Burst  phenomenon  in  FM;  railroad  radio; 
television  outlook;  costs  for  FM  stations; 
position  of  smaU  business;  experimental  air¬ 
craft  radio;  scholarship  awards;  studying  of 
world  communication;  London  news  letter 


Five  Video  Stations 
per  Company 


An  amendment  to  the  television 
regulations  now  makes  it  permis¬ 
sible  for  a  single  company  to  own 
or  control  a  maximum  of  five  video 
outlets  instead  of  the  three  previ¬ 
ously  specified.  In  this  change,  FCC 
granted  in  part  a  request  of  NBC 
for  seven  licenses  covering  trans¬ 
mitters  in  Chicago,  Cleveland,  Den¬ 
ver,  San  Francisco,  and  Los  An¬ 
geles  in  addition  to  the  present  New 
York  facilities  and  a  previously 
existing  application  in  Washington. 

Applications  are  also  on  file  by 
NBC  for  FM  stations  in  the  same 
cities  but  existing  limitations  allow 
a  maximum  of  six  FM  outlets  for  a 
single  company. 


Strange  Behavior  of  F-M  Signals  Recorded 

Long  distance  bihists  causing  in-  for  more  than  a  year.  Before  any 
terference  to  f-m  stations  have  been  conclusions  as  to  the  causes  of  out- 
continuously  recorded  by  the  Fed-  side  interference  in  these  channels 
eral  Communication  Commission  are  reached,  findings  will  be  sub¬ 
mitted  to  the  Radio  Technical  Plan- 

_ _  ning  Board  for  criticism.  However, 

certain  observations  have  been 

Mmade  public  recently  by  the  Com¬ 
mission.  The  study  is  being  con¬ 
ducted  in  spite  of  the  accent  on  war 
effort  because  this  recording  pro¬ 
gram  will  be  impossible  when  sev¬ 
eral  radio  stations  are  assigned  and 
are  operating  simultaneously  on 
each  frequency,  as  will  be  the  case 
during  the  post-war  expansion. 

Preliminary  recording  of  tropo¬ 
spheric  waves  were  begun  in  the 
early  part  of  1942  from  a  location 
in  Washington  but  the  arrange¬ 
ments  were  unsatisfactory  because 
of  diathermy  interference  at  this 
location.  Equipment  now  installed 
at  the  Commission’s  monitoring  sta¬ 
tion  at  Laurel,  Maryland,  has  been 
recording  continuously  on  four 
u-h-f  broadcast  stations  since  Feb¬ 
ruary,  1943. 

Equipment 

The  recordings  have  shown  cer¬ 
tain  unexpected  results  with  regard 


Electronic  Evolution  Toward  the  Diminutive 

Holding  In  hi*  right  hand  ono  of  tho  laiMt  <xcorn  lubos  mado  by  Sonckmo,  Dr.  Loo 
Do  Foioot  (contor)  oomparoi  It  with  ono  ol  his  own  original  ondlona  In  his  lolt  hand. 
Onlookoro  aro,  loft  to  right  Dr.  F.  W.  Kronx  and  L  L  Schochtol.  vloo-prooldonls.  Pool 
Sdworln.  tubo-plant  monagor,  ond  L.  G.  Poeont,  coniulting  onginoor.  Sonolono  Cerp. 
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IRVINGTON  VARNISH  &  INSULATOR  COMPANY 


IRVINGTON  11,  N.  J. 

RESINS  •  EXTENDERS  •  PLASTICIZERS  •  EXTRUDED  PLASTIC  TUBING 
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IRV-O'VOLT  TUBING 


Calibration  of  a  Lavoie  Precision  Frequency  Meter, 
using  a  Crystal  Calibrator  developed  in  our  laboratories 

^4ie  Qflj£weit 

m  UHF  ^MtUbsaiiost  asuL 
^JtjqslaL-^rmttol  Jtlelhtuls 


In  our  particular  field  of  specialization  we  hove 
originated  methods  of  calibrating  UHF  equipment 
which  require  a  small  fraction  of  the  time  formerly 
necessary  for  this  high  precision  work.  The  some 
principles  hove  been  applied  to  crystal-controlled 
oscillators  and  harmonic  frequency  generators. 

As  manufacturers  we  do  not  limit  ourselves  to 
putting  into  production  standardized  ideas.  We  seek 
new  lines  of  thought,  which  ore  followed  by  original 
experimentation  and  development.  The  results  hove 
produced  a  method  for  the  generation  and  identifi¬ 
cation  of  very  high  harmonic  frequencies.  We  shall 
be  glad  to  discuss  your  specific  requirements  with  you. 


UHF  PRECISION 


FREQUENCY  METER 


Completely  Portable 
Battery  or  AC~Operated 
Accuracy  0.1% 


Models  oToilable  from  100  to  1500 
megacTcles  with  1  to  1  irequency 
corerage  on  each  modeL  Available 
only  on  high  priority  while  our 
nation  is  at  war. 


RECOMMENDED  FOR: 


Production  testing 
Measurement  of  oscillator 
drift 

Independent  alignment  of 
transmitters  and  receivers 
Precise  measurements  of 
frequencies 


e 


THE  A,  B,  C  OF 
IRV-O-VOLT  SELEaiON 


OteoM  TYPf  A>1  wt»«r«  MpoMir*  to  Kiel* 
tOMporotoro  cannot  bo  ovoidod.  Avoroeo 
dMoctric  itronetK  ~  7000  volt*,  5000  volt* 
MiniMWM. 

CheoM  TYFE  t.1  whoro  avoroeo  dioloctrk 
(tronetb  of  4000  volt*,  2500  volt*  minimum, 
i*  Mifliciont. 

ChooM  TYK  C-S  to  insuloto  tho  loads  of 
ormoturos  and  Sold  coil*  lotor  to  bo  dippod 
In  vorniiK.  Avoroeo  dioloctric  stronetK— 1500 
veil*,  800  volt*  minimum. 

Cheeao  TYPE  CT  for  extra  mocKanical 
StronetK.  A  saturated  sloovine  of  special 
Koovy  walled  construction.. 


IVE  YOU  THESE 
5  PLUS-FACTORS 

More  than  flexibility  . . .  more  than  ordinary  insulating 
values  .  .  .  are  offered  in  the  IRV-O-VOLT  line  of 
Varnished  Tubing.  One  reason  why:  Every  length  is 
varnished  inside  as  well  as  out. 

This  extra  inside  coating  means  that  IRV-O-VOLT . . . 

•  Saves  assembly  time  because  of  greater  inside 
smoothness. 

•  Offers  unusually  low  moisture  absorption. 

•  Cuts  clean  without  feathering  of  braid. 

•  Prevents  wicking  action  when  used  in  oil-filled 
transformers. 

•  Provides  a  margin  of  insulating  protection  even 
when  outside  coating  has  become  chafed. 

At  ordinary  operating  temperatures,  all  types  of 
IRV-O-VOLT  tubing  retain  their  flexibility  for 
extremely  long  periods.  In  semi-rigid  or  rigid  installa¬ 
tions,  they  will  withstand  con¬ 
siderably  higher  temperatures. 

For  detailed  information,  or 
samples,  write  Dept.  106.  ■ 

Wiro*  botwoon  molar  heusiits  and  ca«t- 
ina  an  insulotod  with  IRV-O-VOiT 
Floxibla  Vomiahod  Twbina. 


RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE,  N.  J. 
Specialists  in  the  Development  of  UHF  Equipment 


ACCURACY. . . 


With 

QUAKER  CITY  GEARS 


In  base  to  plane  communication,  one  of  the 
vital  contributing  factors  toward  the  accu¬ 
racy  of  pin-point  tuning  is  precision  gears. 

Today  our  allied  forces  on  ail  fronts  are  as¬ 
sured  this  accuracy  with  Quaker  City  Gears. 

Yes,  Quaker  City  Gears  are  being  used  ex¬ 
tensively  by  our  armed  forces — in  fact,  so 
extensively  we  are  proud  of  this — our  con¬ 
tribution  to  help  win  the  war. 

QuakerCityGearWorks 

W  ^  INCORPORATED 

1910-32  North  Front  Street,  Philadelphia,  Pennsylvania 


to  radio  propagation  oyer  distances 
of  several  hundred  miles.  These  re¬ 
sults  indicate  a  necessity  for  rapid 
expansion  of  the  program  in  order 
to  record  simultan^usly  at  several 
points  throughout  the  Eastern  and 
Central  parts  of  the  United  States. 
Additional  equipment  is  now  being 
installed  at  the  Commission’s  moni¬ 
toring  stations  at  Allegon,  Michi¬ 
gan;  Atlanta,  Georgia;  Grand 
Island,  Nebraska;  and  Portland, 
Oregon.  When  completed,  there  will 
be  a  total  of  fifteen  recorders  at 
the  five  monitoring  stations.  Some 
of  the  equipment  was  obtained  on 
loan;  some  by  transferring  from 
other  projects  of  less  urgency. 

So  far  recordings  have  been  made 
only  up  to  117  Me.  Recordings  are 
also  being  made  of  the  aural  signals 
of  certain  television  stations  on  fre¬ 
quencies  of  55.75,  65.75,  71.75  and 
83.75  Me. 

Each  recorder  consists  of  a  Halli- 
crafter  S-27  receiver  having  a  prop¬ 
erly  shunted  5-ma  Asterline-Angus 
Recorder  in  the  plate  circuit  of  the 
first  avc-controlled  i-f  stage.  The 
receiver  is  fed  from  a  simple  doub¬ 
let  by  a  coaxial  or  a  twisted  pair 
line.  Where  several  receivers  are 
operated  at  the  same  site,  they  are 
connected  in  parallel  to  the  same 
antenna  lead-in.  Power  is  supplied 
to  the  set  through  a  Raytheon  volt¬ 
age  stabilizer  and  the  temi)erature 
of  the  set  is  held  constant  so  that 
calibration  and  tuning  will  be 
maintained. 


Nature  of  Interference 

The  amplitudes  of  the  bursts,  ac¬ 
cording  to  FCC  engineers,  have  var¬ 
ied  from  the  lowest  levels  which 
can  be  measured  up  to  levels  well 
in  excess  of  that  required  to  render 
a  satisfactory  f-m  broadcast  serv¬ 
ice.  During  periods  of  maximum 
activity  they  may  occur  at  the  rate 
of  several  hundred  per  hour.  How¬ 
ever,  the  amplitudes  of  but  few  of 
the  bursts  are  sufficient  to  cause 
serious  interference  to  a  receiver 
operating  within  the  protected  area 
of  an  f-m  station  under  present 
FCC  standards. 

Each  burst  is  a  sharp  increase 
of  signal  strength  of  very  short 
duration— seldom  covering  more 
than  the  time  consumed  by  a  single 
spoken  word  or  a  note  or  two  of 
music — from  an  f-m  station  located 
at  a  considerable  distance  from  the 
observer.  The  bursts  were  observed 


2S8 


Jafy  fM4~aECTRONICS 


ADIO  TELEVISION 

and  their  post-Bai  prospects  as  viewed  by 

I  STROMBERG-CARLSON 


W 


W  W  £  have  built  radios  since  1924  and  commercial  television  receiving  sets  as  early  as  1938. 
Our  confidence  in  the  future  of  television  is  best  evidenced  by  the  fact  that  we  have  recently 
applied  for  a  license  to  operate  our  own  television  broadcasting  station.  However,  in  estimating 
the  post-war  mEirket  for  radio  and  television,  we  believe  you  —  and  we — will  be  benefited  by 
taking  a  strictly  business,  common  sense  point  of  view. 


The  Television  Prospect  •  •  •  os  we  see  it 

1.  Television  has  a  great  future. 

2.  There  is  tremendous  public  interest  in  television. 
However,  it  will  be  several  years  after  the  war 
before  enough  television  stations  can  be  built  to 
provide  full  national  coverage. 

3.  As  television  broadcasting  facilities  develop— 
territory  by  territory— good  business  opportun¬ 
ities  will  be  presented  to  you . . .  and  to  us. 

When  television  broadcasting  develops  in  your 
territory,  Stromberg-Carlson  will  have  a  full  line 
of  television  receiving  sets  which  will  bring  to  this 
rich  field  the  50-year-old  fact:  ‘'There  is  nothing 
finer  than  a  Stromberg-Carlson!” 


The  Radio  Forecost .  •  •  in  our  judgment 

1 .  There  always  has  been — always  will  be — a  profit¬ 
able  demand  for  a  good  radio  and  radio  phono¬ 
graph— a  fine  musical  instrument. 

2.  For  the  immediate  post-war  years,  the  expanding 
market  for  FM  receivers  and  phonograph  com¬ 
binations  will  provide  your  greatest  profit  op¬ 
portunity. 

3«  We  believe  that  such  instruments  must  have 
superlative  tone  quality  and  an  appearance  in 
keeping  with  the  best  in  furniture  design. 


AND  HERE'S  OUR  PLEDGE 
to  get  you  back  into  profitable 
post-war  business! 

1 .  We  will  have  —  soon  after  Victory  —  a  fine  line  of 
Stromberg-Carlson  FM  and  AM  radios,  phonograph 
combinations  and  television  receivers  in  a  wide  range 
of  prices. 

2.  We  will  have  a  policy  of  distribution  planned  to  give 
every  Authorized  Dealer  a  good  profit  opportunity  on 
the  Stromberg-Carlson  line. 

3.  And  the  Stromberg-Carlson  name  will  be  even  more 
widely  and  more  favorably  known  than  ever  before. 
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from  the  higher  powered  f-m  sta¬ 
tions  only.  This  may  account  for 
the  failure  of  amateurs,  experi¬ 
menters,  and  others,  to  have  re¬ 
ported  this  type  of  interference. 
The  bursts  are  not  normally  ob¬ 
served  from  nearby  f-m  stations, 
since  the  steady  ground  wave  sig¬ 
nal  is  of  sufficient  strength  to  ob¬ 
scure  them,  but  they  may  be  ob¬ 
served  in  such  instances  by  a  sys¬ 
tem  of  pulsing  or  by  a  directional 
antenna  which  discriminates 
against  the  ground  wave.  At 
greater  distances  where  the  steady 
signal  is  absent  or  of  low  intensity, 
the  bursts  may  be  heard  through 
the  loudspeaker  or  may  be  recorded. 

Bursts  have  been  observed  by 
both  methods  at  distances  up  to 
1400  miles  from  certain  f-m  sta¬ 
tions,  but  are  neither  so  intense  nor 
so  numerous  at  the  longer  distances 
as  they  are  at  distances  of  300  to 
700  miles.  A  systematic  variation 
in  the  relative  numbers  of  bursts 
occurs  from  hour  to  hour  during 
the  day,  the  highest  number  occur¬ 
ring  near  sunrise  and  the  fewest 
near  sunset. 

It  was  pointed  out  these  bursts 
may  be  related  in  some  way  to 
bursts  of  somewhat  longer  duration 
and  greater  frequency  of  occur¬ 
rence  which  have  been  reported  by 
other  engineers  on  frequencies  be¬ 
low  20  Me.  The  distances  over 
which  the  f-m  bursts  are  received, 
as  well  as  certain  measurements  of 
signal  path  length,  indicate  they 
are  ionospheric  in  origin,  just  as 
are  the  bursts  at  the  lower  fre¬ 
quencies.  There  is  also  substantial 
agreement  between  the  daily  varia¬ 
tions  in  the  f-m  bursts  and  the 
lower  frequency  bursts. 

Commission  engineers  are  con¬ 
tinuing  their  experiments  and  it  is 
hoped  data  will  be  obtained  which 
may  serve  as  a  basis  for  approxi¬ 
mating  the  amplitudes  and  num¬ 
bers  of  the  bursts  to  be  expected  at 
various  distances  from  a  transmit¬ 
ter  at  any  given  time.  This  determ¬ 
ination  involves  not  only  a  long¬ 
time  measurement  of  burst  ampli¬ 
tudes  from  f-m  stations,  but  meas¬ 
urements  as  well  of  the  path  lengths 
and  directions  of  arrival  of  the  sig¬ 
nals,  in  order  to  identify  the  med¬ 
ium  causing  the  bursts. 

Sporadic  Action  of  E-Layer 

There  is  another  distinctly  differ¬ 
ent  kind  of  interference  to  v-h-f 


RECTIFIERS 
&  869-B? 


FOR  HIGH 
VOLTAGE 


HALF  WAVE 


MERCURY 
,  VAPOR 


1.  DOUBLE  ProtectloH  AgaiMt  Loom 

Aaoges 

2.  LARGER,  Heavy  •  doty  Uai^oa 

Aaode 

3.  Withstaads  High  -  peak  lavertie 

Voltages  with  !Vo  Are  Baek 

4.  Deslgaed  for  ROUGHER  Use  — 

WIthstaads  Vibratloa 


Newly  engineered  throughout  to  give  industry  a  rectifier  that  can 
really  really  "take  it"  In  addition  to  the  special  features  listed,  the 
ARPIN  869-B  has  on  extremely  heavy  oversize  cathode  shield  cmd 
an  edgewise  wound  ribbon  filament  made  of  a  new  alloy  which 
provides  a  cathode  of  large  emission  reserve  cmd  longer  life. 
Already  in  extensive  use  by  prominent  broadcasters  and  vastly 
superior  for  Induction  Heating  equipment 

MAXIMUM  PEAK  INVEKSE  ANODE  (25-150  cyelst)  =  20,000  volts 
Maximum  Peak  Anode  Current  (25-150  cycles)  =  10  omperes 
Average  Anode  Current  2.5  amperes 

(In-phase  filament  excitation) 

Tgpieol  Cmmdltimms  la  A  Slagle  Phase, 

Fall- Ware  Ciremit  (2  tmhem) 

A.C.  Input  voltage.  7070  (RMS  per  tube) — D.C.  Output  voltage,  6360 
Maximum  D.C.  Load  current — 5  amperes 

WRITE  FOR  DETAILS  ON  THE  aSH-B 
and  mthmr  ARPiN  Reellhers. 

ARPIN  MANUFACTURING  CU. 
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The  Wheeler  Insulated  Wire  Co.,  Inc 

^  BRIDGEPORT  A,  CONN. 

Manufacturers  of  Magnet  Wire . . .  Utz  Wire 
Cof7  Windings . . .  Transformers 


[ 

Wheeler  to  Sickles  to  Uncle  Sam! 


How  a  wartime  double  play  helps  produce  vital  communication  devices  for  the  Signal  Corps 


Thanks  to  the  “Handy-Talkie” 
*  which  he  carries,  the  soldier  in  the 
picture  is  not  so  isolated  as  he  l(x>ks. 

The  “Handy-Talkie”  is  a  “Walkie- 
Talkie’s”  kid  brother.  It  is  so  light 
and  so  small  that  it  can  go  pracrti- 
cally  anywhere  a  man  can.  Yet  it 
both  sends  and  receives  speech,  with 
a  range  of  about  a  mile. 

Needless  to  say,  the  “Handy- 
Talkie”  takes  terrific  punishment  in 
action.  So  every  one  of  its  parts  is 
made  with  the  kind  of  materials 
and  workmanship  that  won’t  let  a 
Signal  Corpsman  down  in  a  tight 
spot. 

The  radio  frequency  coils  and 
other  component  parts  are  made  by 
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The  F.  W.  Sickles  Company,  of  Chi¬ 
copee,  Mass.,  one  of  the  world’s 
largest  manufacturers  of  radio  and 
elecrtronic  coils.  In  turn,  the  fine  in¬ 
sulated  wire  and  the  litz  wire  which 
go  into  many  of  these  parts  are  sup¬ 
plied  to  Sickles  by  Wheeler  Insu¬ 
lated  Wire  Co.,  Inc. 


In  its  35-year  history,  Wheeler 
Wire  has  tried  to  make  not  the  most, 
but  the  finest  prcxiucts  possible.  We 
are  proud  that  our  facilities  and  ex¬ 
perience  have  enabled  Sickles  and 
many  other  important  companies  to 
produce  vital  war  equipment  for 
Uncle  Sam— quickly. 
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Blazing  the  trail 


wu  a  system  of  marking  by  means  of 
which  the  pioneers  found  their  paths 
through  the  woods.  Marking  in  some 
form  has  been  identified  with  man's 
progress  through  all  ages  —  marking  to 
guide,  to  record,  to  identify  —  and  now 
in  modem  industry,  methods  of  marking 
accomplish  exactly  the  same  things.  In 
this  field  one  name  is  outstanding  — 
MARKEM  —  makers  of  power-driven 


machines  and  ink  compounds  for  durably 
marking  most  materials  and  almost  any 
surface  or  contour  at  production  speeds. 

Ask  tor  Bulletin  "Variable 
Marking."  Give  details  of  your 
marking  requirements  and  send 
samples  of  articles  to  be  marked. 


MARKING 

(by  AAarkeM) 
means  more 
^  than  you  iWrk 


ID&mnES,  INFORMS, 
INSmiCTS, 

GUIDES  ASSEMBLY, 
EXPEDITES  MOVEMB4T, 
FACIUTATES  WVENTORY 


Feasibility  of  radio  means  for 
adding  safety  and  efficiency  to  rail¬ 
road  operation  is  being  investigated 
at  an  accelerated  pace  as  the  Fed¬ 
eral  Communications  Commission 
orders  an  investigation  and  public 
hearings  on  the  subject  at  a  future 
date,  as  yet  unspecified.  The  Inter¬ 
state  Commerce  Commission  may 
cooperate  by  establishing  a  com¬ 
mittee  of  commissioners  to  attend. 

Specific  possibilities  mentioned 
by  James  L.  Fly,  FCC  chairman,  in¬ 
clude  radio-operated  block  systems, 
radio  flagging  of  trains,  and  com¬ 
munications  for  crew  contact  be¬ 
tween  engines  and  rearend  cars. 
While  no  regular  use  of  railroad  ra¬ 
dio  is  listed  in  the  United  States, 
22  applications  have  been  submit¬ 
ted  to  FCC  during  1944  for  experi¬ 
mental  stations.  Represented  are: 
Baltimore  &  Ohio  and  Atlantic 
Coast  line;  Chicago,  Burlington  & 
Quincy  Railroad  Co.;  Atcheson,  To¬ 
peka  &  Santa  Fe  Railroad  Co.;  Chi¬ 
cago,  Rock  Island  &  Pacific  Rail¬ 
way  Co. ;  Reading  Co. ;  and  Denver 
&  Rio  Grande  Western  as  well  as 
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reception  which  has  been  recog¬ 
nized  for  some  years.  It  happens  oc¬ 
casionally  that  a  normally  unheard 
station  will  come  in  with  sufficient 
signal  strength  to  operate  a  re¬ 
ceiver  satisfactorily  for  a  consid¬ 
erable  length  of  time — many  min 
utes  or  even  hours.  This  effect, 
easily  distinguishable  from  the 
burst  phenomenon  by  its  duration, 
can  be  produced  by  transmitters  of 
low  power  and  has  been  known  to 
produce  a  signal  sufficiently  strong 
to  take  control  of  a  receiver  tuned 
to  a  local  station  on  the  same  fre¬ 
quency.  The  cause  of  this  phe¬ 
nomenon  has  been  traced  to  ab¬ 
normal  “patchy”  ionic  densities  in 
the  lowest  of  the  ionospheric  lay¬ 
ers — ^the  “E”  layer — and  is  known 
as  “sporadic  E  transmission.” 
While  much  data  on  this  effect  ha.s 
been  accumulated  at  lower  fre¬ 
quencies,  more  is  needed  for  the 
v-h-f  region. 

Both  of  these  interference  effects 
are  being  studied  by  the  appropri¬ 
ate  Panels  of  the  Radio  Technical 
Planning  Board.  With  this  co-opera¬ 
tion  and  that  of  other  organizations, 
it  is  believed  the  Commission  will 
find  a  satisfactory  solution  of  the 
problems  involved. 


Working  on  the  Railroad 


A.re  Busy 

Operating  24  hrs.  per  day  in  the  most 
modern,  efficient  crystal  plant. 

Every  crystal  finished  individually  to  exact 
frequency  mechanically,  completely  eliminat¬ 
ing  hand  work,  assuring  highest  uniformity 
and  quality. 

★ 

PETERSEIV  RADIO  CO. 

Council  BiufFs,  Iowa 


CRYSTALS  eXCLUSIVnr  SINCE  1934 


I  THE  GENERAL  TIRE  &  RUBBER  COMPANY  OFFERS 
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Engineered  Control  of  Vibration 
To  Improve  Any  Moving  Product 


GENERAL  SILENTBLOC  is  made 
of  three  main  members — 1.  Strai^t 
or  flanged  tube.  2.  Rubber  cushion 
ring.  3.  Inner  sleeve  or  solid  shaft. 


Rubber  is  inserted  in  tube  under  rubber  produces  indestructible 
high  pressure;  then  sleeve  is  “shot”  cohesion  of  parts.  Each  Silentbloc 
through  rubber  ring  with  terrific  design  is  engineered  to  give  needed 
force.  Extreme  pull  of  elongated  deflection  in  all  planes. 


General  Silentbloc  mounting  for 
war  vehicle  motor,  enmneered 
to  absorb  motor  vibration 
and  cushion  shock  from  frame. 


THE  GENERAL  SILENTBLOC 


Is  Used  as  a  Vibration  Insulator  ,  ,  ,  As  a  Trouble-Free 
Torque  Bearing  ,  ,  ,  As  a  Bearing  Cushion  to  Correct  Misalignment 


r'  your  product  moves,  has  working 
parts  or  can  be  harmed  by  foreign 
vibration — General  Silentbloc  can  im¬ 
prove  its  efficiency,  lengthen  life  and 
lower  maintenance. 

Silentbloc  is  not  a  “piece  of  rubber” 
stuck  in  because  it  is  resilient.  These 
shear-type  mountings,  bearings  and 
couplings  are  engineered  in  shape,  size 
and  design  to  give  the  exact  performance 
that  solves  your  particular  problem. 

In  its  various  forms,  Silentbloc  can  do 
three  things ; 

1.  Damp  vibration  or  insulate  against  it, 
Z  Give  trouble-free  torque  action. 


3.  Correct  for  misalignment  in  bearings 
or  shafts. 

The  predictable  operation  of  Silentbloc 
comes  from  its  patented  principle  of 
elongation  and  confinement  of  the  rubber. 


Befofc  Assembly 


After  Assembly 


Our  skilled  engineers  can  fit  Silentbloc  to 
your  job  by  varying  its  size  and  design, 
the  elongation,  the  distortion  of  inner  and 
outer  diameter  of  the  rubber,  the  type  and 
modulus  of  the  rubber.  The  stretched  rub- 


THE  6ENEBAL  TIRE  &  RUBBER  CO. 

Mechanical  Goods  Division,  W^abash,  Indiana 


ber  stays  alive  even  when  not  in  motion. 

Silentbloc  has  proved  its  advantages  in 
many  fields — war  material,  automobiles, 
aircraft,  industrial  and  home  machinery, 
electrical  and  electronic  equipment.  It  can 
improve  your  product.  For  fuller  infor¬ 
mation,  write  The  General  Tire  &  Rubber 
Company,  Dept.  90  Wabash,  Indiana. 


GENERAL 

SILENTBLOC 

MOUNTINGS  .  . .  BEABINCS 
COUPLINGS 


•NICS 
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irs  LIKE  &iyiNE  YOUK  ASSEMBLY 
LINE  A  SHOT  IN  THE  AKmJ^^ 
TO  SWITCH  TO^THE  SCKeI^ 
WITH  THE  ENSINEEKED  KECESS 
THAT  SPEEDS  UP  ASSEMBLY  AS 

MUCH  AS  ^ ^ 


WOOD  SCRfWS  MACHINE  SCREWS  SELF  TAPPING  SCREWS  STOVE  BOLTS 


Manufacturers  in  every  industry 
can  tell  you  that  switching  to 
Phillips  Recessed  Head  Screws  acts 
like  a  tonic  to  assembly  lines. 

To  start  with,  you  get  faster  — 
muchjaster  —  screw  driving.  Com- 
{Muisons  made  in  scores  of  plants 
prove  that  Phillips  Screws  step  up 
fastening  speed  as  much  as  50^o. 

Next,  Phillips  Recessed  Head 
Screws  save  precious  man  hours. 
The  scientifically  Engineered 
Recess  utilizes  the  worker’s  full 
turning  power  and  skill.  Time  and 
muscle  are  not  wasted  on  wobbly 
starts,  slantwise  drives  and  danger¬ 
ous  driver  skids  -  nor  on  correct¬ 
ing  sloppy  work. 


Finally,  with  all  this  increased 
speed,  you  get  vastly  better  work¬ 
manship.  Phillips  Recessed  Head 
Screws  make  driving  so  simple,  so 
steady  that  the  most  inexperienced 
operator  soon  becomes  master  of 
the  trickiest  fastening  jobs! 

If  these  are  the  kind  of  results 
you’d  like,  but  aren’t  getting  from 
slotted  and  other  type  screws,  you 
owe  it  to  yourself  and  to  your 
workers  to  switch  to  Phillips  -  the 
screws  with  the  Scientifically  Engi¬ 
neered  Recess.  They  cost  less  to  use 
. . .  because  they  help  you  produce 
much  more.  Any  one  of  the  23 
manufacturers  below  will  enable 
you  to  prove  it  in  your  own  plant. 


TO  MAKI  WAKTIMi 
QUOTAS  AND 
PEACETIME  PIOfITS 

Fa>t*r  S««Ertiii9}  Driver  poSnt 
aotonuidcaiiy  centers  in  the 
Phillips  Recess  ...  fits  snugly. 
Fumblini^  wobbly  starts,  slant 
driving  arc  ^minated.  Work 
is  made  trouble-proof  for 
green  hands. 

Faster  Driving:  Spiral  and 
power  driving  are  made  prac¬ 
tical.  Driver  won’t  slip  from 
recess  to  e^k»1  material  or  in¬ 
jure  worim.  (Average  time 
saving  is  50%.) 

faster  Ortving:  Turning  power 
is  fully  utilized.  Workers 
maintain  speed  without  tiring. 

latter  fastening:  Screws  are 
set-up  uniftMrmly  ught,  with¬ 
out  barring  or  iMreaking  ttf 
screw  heads.  The  job  is 
mohger,  and  tlw  (Mroamental 
recess  adds  to  appearance. 


lOfNTffY  IT! 


Cantvr  «en>«r«  ef 
FHdtios  !(•<••*  w« 
rouf«o«<i .  . . 

NOT  mwor*. 


fenem  of  fkilliM 
Xocots  U  nooriy 
flat . . . 

NOT  tepwtd  t»  q 
sharp  point. 


AasNtM  Srrmr  Co.  ffwISrsn.  R.  t. 

Hm  BHfMt  Ca,  WstwInNV.  Cmo. 

C««trsi  Saw  G».,  OSIW.  iU. 

CiMMRa-  mswit  Cmt..  CtarNUMl.  0M« 
CaniMota  etrrw  C«..  N««  awNrS.  Nsw. 
TM  Carbhi  Saw  Cn»..  Her  arttais.  Caw. 
eai«r«l  S«r«»  Nfs-  C*..  CMaisi,  18. 

Tin  H.  tt.  Narpa'  CSiros*.  IR. 


UtaiHitiani  Saw  C*..  Ortntt.  NMi. 

TW  UoaMs  a  STMtan  C*..  CimtaMl,  Ohio 
MhhiifMtarrrt  Saw  PrrSiwtt.  HI. 

antes  RItnl  aaS  NaUibM  C*.,  MilNrd.  Caoi. 
Tin  NoUanl  Saw  4  Mfs.  C*..  ethvrlMS.  Oliih 
NfW  ChNhhS  Saw  Cr..  Mmm.  a.  M. 
Pirka-Kaw  Qa*,.  Nw  Yah.  N.  Y. 
Phwthrhrt  Saw  Ca.  Purtothrt  R.  t. 


PiMMil  MMahctaiat  e*..  (Hitww.  IN. 

Rani»t  Saw  Ca,  MarirHw,  Pa 

Ronai  BaSnII  4  WaS  RMt  4  NN  Ca.  Pat  Chata.  H.  V. 
Santll  NwirfataEttr  e*..  w»taviii%  Can. 

Staiwsrwl  IM..  Chiehs*.  Ht 

Th«  SwUkihsiai  MaSwar  Mff.  0*..  Samriastai,  CaMk 
wa«alM  B«n  Ca.  DWrat  BM. 
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equipment-manufacturing  Bendix 
Radio  Div.  of  Bendix  Aviation 
Corp. ;  Westinghouse  Radio  Sta¬ 
tions  Inc. ;  and  Jefferson-Travis  Ra- 
dio  Mfg.  Corp. 

Construction  permits  have  been 
authorized  to  cover  9  experimental 
installations  on  the  B&O  between 
Baltimore  and  Pittsburgh  and  on 
the  Burlington  between  Chicago 
and  Denver  as  well  as  into  Montana. 
Railroad  radio  in  this  regard  is  con¬ 
sidered  as  distinct  from  carrier- 
current  activities  using  rails  or 
trackside  conductors  for  transmis¬ 
sion.  Radio  developments  were 
contemplated  in  both  the  Radio  Act 
of  1927  and  the  Communications 
Act  of  1934.  The  latter  specifically 
authorizes  FCC  in  its  discretion  to 
exclude  from  requirements  of  its 
regulations  in  whole  or  part  any 
radio  station  upon  railroad  rolling 
stock. 


Here  at  Conant  Laboratories,  we're  old 
timers  in  a  new  business.  Eleven  years  ago, 
we  began  the  manufacture  of  Conant 
Instrument  Rectifiers  to  fill  a  definite  need, 
Today  our  production  is  more  than 
200  times  as  great  as  during  our  first  year, 
and  we've  learned  a  lot.  We've 
gone  far  toward  making  rectifier  t>’pe 
instruments  dependable. 


Anniversaries  in  the 
Electronic  Family  Tree 

Two  OF  THE  PROCSNITORS  of  the 
electronic  art  are  celebrating  birth¬ 
days.  In  May  1844,  Samuel  Finley 
Breeze  Morse  sent  the  first  tele¬ 
graph  message,  “What  hath  God 
wrought!”  over  a  line  between 
Baltimore  and  Washington.  His 
original  apparatus,  property  of 


By  concentrating  strictly  on  the  manufacture 
of  rectifiers  for  electrical  measuring 
and  indicating  instruments,  we  have  gained 
the  experienee  so  necessary  to 
precision  production. 


Conant  Instrument  Rectifiers  are  not 
adaptations  of  power  supply 
rectifiers,  but  were,  from  the  beginning 
of  our  company,  developed 
exclusively  for  meters. 


Special  iMU*  itomp  commemorates  Ihs 
hundredth  anniTersary  oi  Samuel  F.  B. 
Morse's  "What  hath  God  wrought!" 
message,  the  first  practical  opplicotion 
oi  intelligence  communicated  by  wire. 
Photoelectric  registration  is  used  lot 
perforation  of  the  issue 

Cornell  University  now,  was  sent 
to  the  Capitol  for  re-enactment  of 
the  original  transmission. 

Ezra  Cornell,  founder  of  the  Uni¬ 
versity,  was  an  associate  with 
Morse  in  the  pioneering  work  and 
invented  the  special  equipment 
which  dug  the  trench,  laid  the  ca¬ 
ble,  and  covered  it  with  soil  in  read¬ 
iness  for  the  first  message.  Defec¬ 
tive  insulation  made  the  line  unus- 


Yes,  indeed,  we've  gained  a  lot  of 
“know-how”  in  our  eleven  years 
of  research  and  production.  If  you  have 
need  of  a  rectifier-instrument 
applieation,  you’ll  want  to  avail  yourself 
of  our  practical  experience. 


^n^ltumenl  0tecl^€€^ 


6500  0  STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A. 


20  V*$«y  St.,  N*w  York  7,  Now  York 
85  E.  Gay  St.,  Colvmbui,  Ohio 
600  S.  Michigan  Ave.,  Chicago  5,  III. 
1215  Mormon  PI.,  Minneapolis,  Minn. 


2017  Grand  Ave.,  Kansas  City,  Mo. 
7935  Eustis  St.,  Dallas,  Texas 
4018  Greer  Ave.,  St.  Louis,  Mo. 
1526  Ivy  St.,  Denver,  Colo. 


4214  Country  Club  Dr., long  Beach,  Calif. 
4205  N.E.  22nd  Ave.,  Portland,  Ore. 
Caixa  Postal  930,  Soo  Paulo,  Brazil 
50  Yarmouth  Rd.,  Toronto,  Canada 


ELECTRONICS 


I. 


waa 

who 

nion 

I  the 
New 
com* 
elec- 
in- 
elec- 
ality 
stab- 
ofes- 


tiaal 


3NICS 


in  oi 
N«w 
and 
tlont 
M.  I. 


8  by 
con- 
i^ash- 
imor- 
ce  of 
n). 
ires 
nark, 
omas 
Black 
'  the 
tures 
news 
f  the 
lison, 
ersey 


NOMA  ELECTRIC  CORK 

^€€ileUH^,  55-63  To.  t3t^  St..  Ttcuf-  tt .  Tt.  Tp. 


PROTECTION  FOR  WAR  .  .  .  PREPARATION  FOR  PEACE  .  .  . 

GET  BOTH  WITH  Noma  Mica  Capacitors 


manufacturers 

ELECTRONICS  — Jo/y  1944 


The  same  engineering  skill  and  craftsman¬ 
ship  that  have  made  NOMA  an  outstanding 
name  in  the  electrical  industry  have  been 
concentrated  upon  the  manu¬ 
facture  of  capacitors  for 
vital  war-communications 
equipment. 

% 

NOMA  Mica  Capacitors,  de¬ 
pendable  as  the  name  behind 
them,  are  precision-tested  for 
accuracy  of  capacity,  voltage 
breakdown  and  insulation 


resistance.The  types  illustrated,  in  all  capaci¬ 
ties  and  tolerances  specified  in  American 
War  Standard  C75.3,  are  available  for 
prompt  delivery. 

Engineered  to  meet  the  tough¬ 
est  tests  of  the  war,  NOMA 
Mica  Capacitors  assure  new 
accuracies  for  peacetime  appli¬ 
cation.  The  advice  of  a  NOMA 
Capacitor  engineer  is  avail¬ 
able,  without  cost,  to  help  you 
plan  for  postwar  production. 


LET’S  ALL  BACK  THE  ATTACK -BUY  MORE  WAR  BONDS! 


able  so  an  overhead  installation  was 
substituted.  It  was  Mr.  Cornell  who 
supplied  the  name  Western  Union 
to  the  subsequent  operations. 

Speaking  before  the  IRE  in  the 
Western  Union  Building,  New 
York,  I.  S.  Coggeshall,  of  the  com¬ 
pany,  observed  that  the  entire  elec¬ 
trical  engineering  profession,  in¬ 
cluding  its  latest  development,  elec¬ 
tronic  engineering,  in  actuality 
stems  from  the  telegraph.  Estab¬ 
lishment  of  many  of  the  profes- 


And  Alexander  Wep’f .  •  • 

Because  He  Had  No  New  Worlds  to  Conquer 


Alexander  went  as  ieu:  sls  he  could  go 
...  for  323  B.C. 

But  his  horizon  was  limited  by  his  times. 
Today,  vrith  all  the  marvels  of  electronics 
and  electricity  before  us,  we  of  Webster 
Electric  find  no  cause  for  tears. 

Right  now  our  energies  are  directed  full 
tilt  for  victory.  But  we  have  things  up 
our  sleeve  . . .  crystal  pickups  and  car¬ 
tridges  that  will  give  even  more  brilliant 
tone  production  . .  .  when  we  can  get 
to  them. 

Meanwhile,  in  thousands  of  homes  all 
over  America,  life  is  more  pleasant,  re¬ 
laxation  more  complete,  because  their 
owners  enjoy  the  richness  of  radio- 
phonograph  sets  equipped  with  Webster 
Electric  pickups. 

For  these  homes  . .  .and  many  thousands 
more  . . .  Webster  Electric  will  be  ready 
with  new  designs  .  .  .  new  products  for 
use  in  the  new  world  for  which  we  are 
all  waiting. 


R«pUca  oi  Thomas  A.  Edison's  original 
moTle  studio,  tho  Black  Maria,  is  ox- 
amined  by  John  Cookloy,  of  Thomas  A. 
Edison  Inc.,  and  Chcalos  Edison,  son  of 
tho  inTontor  and  ox-goo  omor  of  New 
Jersey.  Scene  is  in  the  library  and 
office  used  by  Edison  ert  the  main  plant 
of  the  company  in  West  Orange.  N.  J. 

sional  electrical  societies  was  by 
telegraph  engineers  and  others  con¬ 
nected  with  the  industry.  In  Wash¬ 
ington  the  Post  OflBce  commemor¬ 
ated  the  anniversary  by  issuance  of 
a  special  stamp  (see  illustration). 

Meanwhile,  motion  pictures 
reached  their  half-century  mark, 
dated  from  the  building  by  Thomas 
A.  Edison  of  the  so-called  Black 
Maria  studio  for  filming  of  the 
early  cinema.  Universal  Pictures 
doumented  the  occasion  with  a  news 
feature  titled,  “The  Birth  of  the 
Movies”  featuring  Charles  Edison, 
former  governor  of  New  Jersey 
and  son  of  the  inventor. 


ILictnstd  under  patents  of  the  Brush  Development  Company) 


Survey  of  Postwar 
Electronic  Employment 

Representing  practically  the  en¬ 
tire  radio  industry,  400  concerns 
are  included  in  a  survey  presently 
being  conducted  by  RMA.  Ques¬ 
tions  concern  1940  emplojrment. 


WEBSTER  ELECTRIC  COMPANY,  Racin*,  Wisconsin.  U.  S.  A. 
EsUblUhsd  1909.  Export  Dopt.:  13  E.  40tk  St..  Now  York  (16).  N.  Y. 
Csblo  Address:  "ARLAB”  Now  York  City 


Where  Quality  is  a  ResponsibUity  and  Fair  Dealing  an  Obligation 
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present  employment,  number  of  jm- 
ployees  in  the  armed  services,  md 
prospects  for  future  magnitude .  of 
workers  going  back  to  other  job:i  or 
to  their  homes.  Estimates  of 
ployment  figures  a  year  after  the 
war  are  also  being  requested. 
ernment  and  other  interested 
agencies  will  be  given  access  to  the 
figures  on  completion  of  work. 


LECTRICAL  COIL  WINDINGS 

Since  1917 

ARE  AT  THE  CONTROLS  ' 


In  PLAI4^%^KS 
SHIPS-anJ^iJ^  RADIO 
COMMUNICATIONS 


New  Kind  of  Engineer 

Efforts  of  the  American  Federa¬ 
tion  of  Musicians  and  its  president, 
James  C.  Petrillo,  to  extend  musi¬ 
cal  activities  into  the  realm  of  turn¬ 
table  operation  on  the  networks  hu 
created  considerable  heated  dis¬ 
cussion  in  broadcasting  circles.  By 
the  terms  of  an  agreement  with  the 
four  major  networks,  jurisdiction 
over  transcription  handling  would 
go  to  AFM  while  other  technical  op¬ 
erations  would  come  under  Inter¬ 
national  Brotherhood  of  Electrical 
Workers. 

As  a  result  of  the  controversy 
ensuing,  one  anonymous  engineer 
was  iifspired  to  compile  for  puWi- 
cation  in  Broadcasting  this  list  of 
functions  which  might  define  the 
capability  of  a  musician-engineer 
of  the  new  school: 

First 


So  Much  Depends  On  . 
Accurate  Winding 
Careful  Assembly 
Correct  Impregnation 


COTO-COIL  precision  wound  coils,  de¬ 
pendable  and  efficient,  ore  serving  in 
arctic  cold  ...  in  tropical  heat  and 
hmnidity  ...  in  the  car  ...  on  land  .  .  . 
under  the  sea  ...  in  industry. 

Where  perfect  functioning  of  electrical  in¬ 
stallations  is  a  "must".  COTO-COIL 
windings,  to  yo\ir  specifications,  should 
be  incorporated  in  your  design. 

Wartime  contracts  ore 
still  paramoimt  but  some 
winding  facilities  core 
available  to  meet  es¬ 
sential  industrial  needs. 


Remove  a  record  from  its 
envelope  by  grasping  the  bottom  of 
the  envelope  with  one  hand  and  the 
record  with  the  other  and  moving 
the  hands  in  opposite  directions. 

Second 


27  years  of  electrical 
coil  design  and  produc¬ 
tion  assure  your  satis¬ 
faction.  Phone,  wire  or 
write. 


Holding  the  record 
poised  above  a  turntable,  align  the 
hole  in  the  record  so  that  it  is  di¬ 
rectly  above  the  small  cylindrical 
projection  on  the  surface  of  the 
turntable. 

Third :  Lower  the  record  until  it 
rests  upon  the  surface  of  the  turn¬ 
table  with  the  hole  in  the  record 


COTO-COIL  CO..  INC 


PROVIDENCE  5.  R.  I, 


65  PAVILION  AVE. 


L 


268 


July  f94e  — ELECTRONICS 


‘  job ’  or 
of  (inj. 
fter  the 
id. 

terested 

8  to  the 

)rk.  I 


in  elec- 
irere  ex- 
■ence  of 
nduatry 
r  May. 

uipment 
>  RCA, 
Tel.  i 
mils  OD 
of  two. 
mprove- 
ience  9( 


o 


UJ 

v,^ 


o 


completely  surrounding  the  afore¬ 
mentioned  small  cylindrical  pro- 
jection. 

Fourth:  Raise  the  pickup  head 
from  its  support  and  swing  it  out 
over  the  record  in  such  a  manner 
that  the  stylus  is  directly  above  the 
first  groove  in  the  record. 

Fifth:  With  the  head  (the  pickup 
head,  not  the  musician’s  head) 
poised  in  this  manner  slowly  lower 
it  until  the  stylus  rests  in  the  first 
groove  of  the  record. 

Sixth:  Throw  the  switch.  This 
should  start  the  motor.  (If  not,  run 
to  the  control  room  and  holler  for 
an  engineer.) 


Ingenious  New 

Technical  Methods 

Presented  in  the  hope  that  they  will 
prove  interesting  and  useful  to  you. 


Materials  for  Electronic 
Experiments 

In  a  new  ruling,  the  War  Produc¬ 
tion  Board  says  a  person  who  gets 
materials  with  the  priorities  assis¬ 
tance  of  Preference  Rating  Order 
P-48  may  use  them  to  build  experi¬ 
mental  electronic  equipment  for  his 
own  use.  Interpretation  2  to  Limi¬ 
tation  Order  L-265  states  that  the 
restrictions  of  paragraph  (b)  (1) 
apply  to  persons  only  to  the  extent 
that  they  are  engaged  in  the  manu¬ 
facture  of  electronic  equipment  for 
transfer  or  commercial  use. 


MACHINE 

GROUND 


New  Precision  Step  Drill  Grinder  Simplifies 
Production  and  Maintenance  of  Step  Drills 


Th«  quality  of  a  step  drill  produced  by  com¬ 
mon  methods  depends  almost  entirely  on  the 
skill  and  attention  of  the  individual  tool  maker. 
However,  with  the  development  of  the  pre¬ 
cision  step  drill  grinder,  the  human  element 
has  been  entirely  eliminated,  the  characteristics 
of  the  step  being  completely  controlled  by  the 
grinding  machine  without  adjustments  during 
the  course  of  grinding.  This  automatic  feature 
insures  absolute  uniformity,  regardless  of  quan¬ 
tity,  and  permits  large-volume  production  of 
step  drills. 

The  apparent  advantages  gained  through  the 
use  of  the  step  drill  grinder  are:  Permits  mass 
production  of  drills  ground  to  exact  specifica¬ 
tions,  entirely  independent  of  the  human  ele¬ 
ment.  Maintenance,  too,  is  no  longer  an  ob¬ 
stacle  as  step  drills  produced  by  this  method 
are  quickly  sharpened  by  the  same  uniform 
machine-controlled  operation.  With  the  step 
drill  grinder  step  drills  can  now  be  made  from 
standard  drills.  These  advantages  result  in  a 
wider  application  of  step  drills  which  provide 
a  definite  saving  of  machine  tools,  man-hours 
and  cost;  this  in  turn  results  in  greater  pro¬ 
duction. 

You  know  there  are  plenty  of  benefits  in  chew¬ 
ing  gum,  too.  That’s  why  all  of  the  Wrigley’s 
Spearmint  we’re  able  to  make  from  our  avail¬ 
able  stocks  is  going  overseas  to  our  fighting 
men  and  women.  You  know  what  a  lift  it’s  been 
on  the  job  and  we  wish  we  could  supply  every¬ 
body,  because  we  have  pride,  too,  in  our  work¬ 
manship  and  productivity.  But  there  just  aren’t 
enough  available  top  quality  raw  materials  right 
now  to  do  it.  When  we  can  produce  it  in  suffi¬ 
cient  quantity,  it  will  be  back  to  you  with  the 
same  fine  flavor  and  chewing  satisfaction  .  .  . 
Wrigley’s  Spearmint  has  never  been  changed! 

You  can  get  complete  information 

from  Spiral Mfg.  Corp.,  5022  North 

Kedzie  Avenue,  Chicago  25,  Illinois. 


Electronic  Institute 
for  Power  Engineers 

Electronic  services  to  industry 
were  recently  expounded  for  a 
group  of  industrial  engineers  from 
Philadelphia  Electric  Co.  by  mem¬ 
bers  of  the  staff  of  RCA  Victor 
Div.,  Radio  Corp.  of  America,  at 
their  Camden  plant.  Three  days 
were  devoted  to  high  frequency 
heating  while  plant  broadcasting 
and  communication  systems  and  the 
electron  microscope  were  described 
and  demonstrated  on  the  fourth 
day. 

An  explanation  of  electronic 
power  heating  was  given  by  Fred 
W.  Wentker,  manager  of  the  elec¬ 
tronic  apparatus  section,  in  a  talk 
at  the  opening  session. 

Graphic  evidence  of  its  advan¬ 
tages  was  presented  in  demonstra¬ 
tions  of  soldering,  drying,  sealing, 
and  other  processes  with  heat  gen¬ 
erated  by  electrical  currents  alter¬ 
nating  at  frequencies  of  400  kc  to 
200  Me. 

Later,  the  utility  engineers  were 
escorted  on  a  tour  of  RCA’s  appli* 


Th«  above  illusIraHen  chews 
mochonical  dosign  which  ro- 
quiros  a  helo  having  diamotors 
diminishing  in  stops.  This  is  an 
eporatien  for  slop  drilis  which 
has  oflon  boon  nogloctod  duo 
to  difficulty  in  obtaining  and 
maintaining  stop  drills. 


Slop  drills  produced  by  our 
method  ore  quickly  sharpened 
by  the  same  uniferm,  machine- 
controlled  method. 
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Here's  why: 

The  HARVEY  organization  devotes  itself  entirely  to 
the  development  and  production  of  electronic  and 
radio  equipment  and  components. 

The  HARVEY  organization  has  the  engineering  and 
creative  resources  to  assure  you  a  source  of  supply  of 
the  utmost  reliability.  This  was  true  long  before  the 
present  crisis  and  intensive  war  work  of  the  highest 
importance  has  vastly  increased  our  scope  and  facili¬ 
ties  for  present  and  postwar  usefulness  to  you. 

For  radio-electronic  apparatus  you  can  depend  on 
and  for  assistance  on  your  present  or  projected  plans 
remember — 
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HARVEY  Rogulatod  Pewor  Supply  106PA 
(Writo  for  now  bwlloHn) 


HARVEY  RADIO  LABORATORIES,  INC. 

439  CONCORD  AVENUE  •  CAMBRIDGE  38,  MASSACHUSETTS 
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cation  engineering  laboratories  in 
Camden,  where  the  engineers  wit¬ 
nessed  further  demonstrations  of 
electronic  power-heating  involving 
larger  units.  These  included  weld¬ 
ing,  case-hardening,  the  making  of 
safety  glass,  bonding  of  large  glued 
plywood  assemblies,  and  preheating 
of  large  preforms  of  plastic  mate¬ 
rial  to  prepare  them  for  molding. 

Talks,  demonstrations,  and  mov¬ 
ies  at  ensuing  sessions  explained 
the  operation  of  electron  tubes  and 
vacuum-tube  oscillators,  peculiar 
characteristics  of  high-frequency 
transmission  lines,  factors  affec¬ 
ting  high-frequency  induction  and 
dielectric  heating,  present  and  pos¬ 
sible  future  applications,  and  serv¬ 
ice  and  maintenance  requirements. 

Music  While  You  Work 

Presenting  the  subject  of  plant 
broadcasting  and  industrial  music, 
Dan  D.  Halpin,  of  RCA’s  sound  and 
picture  section,  declared  that  these 
services  are  helping  to  compensate 
for  manpower  shortages  in  many 
war  industries,  both  by  direct  sav¬ 
ing  of  time,  and  by  improving  net 
output  of  workers.  As  an  example 
of  direct  time  savings  realized  from 
other  uses  of  plant  broadcasting 
systems,  he  reported  that  in  one 
plant  4,000  man-hdurs  per  month 
were  saved  by  paging  service  alone. 

Discussing  point-to-point  com¬ 
munication  systems  in  industry, 
Russell  Stier,  commercial  engineer, 
pointed  out  that  industrial  expan¬ 
sion,  adding  acres  of  floor  space 
and  thousands  of  workers,  has  made 
such  systems  essential  for  efficient 
direction  and  control  of  many 
plants.  In  this  type  of  installation, 
he  said,  microphone  stations  are 
located  at  vital  control  points  or  at 
specific  operating  positions,  while 
loudspeakers  are  so  placed  as  to 
cover  operating  positions  or  local 
areas  only. 

Workings  and  advantages  of  the 
electron  microscope,  for  which  RCA 
developed  the  first  commercial  de¬ 
sign  in  1940,  were  explained  by 
Perry  C.  Smith,  under  whose  sup¬ 
ervision  two  new,  improved  models, 
recently  introduced  by  RCA,  were 
designed  and  engineered. 

Food  Was  in  Character 

At  the  dinner  in  the  evening  of 
the  first  day’s  session,  the  engineers 
were  confronted  by  this  menu: 
chemotronics,  fiashover,  electronic 


Scores  of  military  products  are 
being  adapted  for  civilian  needs. 
Many  of  them  used  in  aircraft  owe 
their  success  to  light  weight.  Lami¬ 
nated  or  Molded  INSUROK,  ac¬ 
cording  to  grade,  has  a  specific  grav¬ 
ity  of  from  1.06  to  2.09.  It  is  consid¬ 
erably  lighter  than  the  specific  grav¬ 
ity  of  aluminum  which  is  2.70  and 
is  extremely  strong  for  its  weight. 

If  light  weight  combined  with 
strength  is  important  in  the  product 
you  are  developing  or  improving,  let 
a  Richardson  Plastician  suggest  the 
grade  of  INSUROK  best  suited  to 
your  need.  His  experience  may  save 
you  a  great  deal  of  time  and  money. 
Just  write  for  complete  information. 


When  product  needs  dictate  the  use 
of  a  strong,  lightweight  material, 
many  defigners  automatically  specify 
Laminated  INSUROK.  Molded 
INSUROK  solves  a  host  of  other  prob¬ 
lems  for  them,  too. 
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(Line,  Slide,  Rotary-Action) 


IRON  CORES 


..for  today's  needs 
..for  post-war  planning 

X_JsE  this  new  1944  Stackpole  Electronic  Com¬ 
ponents  catalog  as  your  guide  to  up-to-the-minute  Fixed 
or  Variable  Resistors;  Iron  Cores;  and  inexpensive  line, 
slide,  or  rotary-action  Switches.  In  addition  to  complete 
information  and  dimension  diagrams  on  the  components, 
you’ll  find  data  pages  and  charts  that  will  prove  mighty 
handy  in  your  daily  work.  Please  ask  for  Catalog  RC6. 

STACKPOLE  CARBON  COMPANY,  ST.  MARYS,  PA. 

SnCKPOLE 


BRUSHES  FOR  ALL  ELECTRICAL  ROTATING  EQUIPMENT  •  CONTACTS 
WELDING  RODS,  ELECTRODES,  AND  PLATES  •  CARBON  PIPE  •  BRAZING  BLOCKS  •  RHEOSTAT  PLATES  &  DISCS 
CARBON  REGULATOR  DISCS  •  PACKING,  PISTON,  &  SEAL  RINGS  •  SINTERED  IRON  COMPONENTS,  ETC. 
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3.  Relay  it  mounted  on  the  bote  attembly 
end  wired  to  the  sealed  terminals. 


1.  Mounting  bracket  for  holding  or  supporting  relay  b 
ipel  welded  to  the  base  assembly  of  the  con  enclosure. 


S.  Shews  various  types  of  glass  to  metal  teah  sol¬ 
dered  to  fhe  bote  assembly,  providing  a  hermetically 
sealed  joint.  A  tube  n  provided  for  obtaining  o  vacuum. 


S.  Completed  assembly  after  operating  atmosphere 
has  beM  introduced  and  tubulotion  sealed  off. 


Fedelco-Seal  offers  you  something  new  . . .  some¬ 
thing  extra  that  may  make  your  present  prod¬ 
uct  operate  still  better  and  more  effectively. 

Fedelco-Seal  is  a  new  method  of  sealing  ideal 
working  conditions  within  the  housings  of  me¬ 
chanical  and  electrical  devices.  It  brings  to  the 
products  of  all  industry  an  entirely  new  concep¬ 
tion  of  performance. 

No  matter  how  superior  your  product  may 
be,  think  what  it  would  mean  to  be  able  to 
assure  your  customers  that  your  electrical  de¬ 
vice  is  explosion  proof  . . .  delivered  with  scaled- 
in  operating  conditions  that  varying  atmos¬ 
phere,  pressure  or  temperature  cannot  affect. 


That  is  what  Fedelco-Seal  offers.  With  this 
method  you  can  permanently  seal  about  your 
product  operating  conditions  as  favorable  as  you 
can  create  in  your  own  laboratory  . .  .  dry  air  at 
sea  level  pressure  .  .  .  gases  such  as  oxygen,  he¬ 
lium  and  nitrogen  . . .  complete  protection  from 
moisture,  abrasive  dust  or  corrosive  fumes. 

Fedelco-Seal  may  be  the  something  new  for 
which  you  have  been  looking.  If  you  will  send 
a  sample  and  specifications  of  your  product. 
Federal  Electric's  engineers  will  gladly  study 
your  sealing  problem  and  make  recommenda¬ 
tions  that  may  make  your  product  an  even 
better  one. 


Federal  Electric  Company,  Inc. 

8700  SOUTH  STATE  STREET.  CHICAGO  tS,  ILLINOIS 


This  is  How  Your  Product  is  Sealed 
in  Ideal  Working  Conditions  by 

Fedelco-Seal 


4.  Sfoal  andoiura  b  placed  over  tha  ralay  basa 
atsoflibly  and  hormaticaHy  Mobd  to  the  bote. 
FiOing  gat  b  intartad  through  matal  tuba. 
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HEMPSTEAD,  NEW  YORK 

of  CUSTOM  BUILT  RADIO  APPARATUS 


nerve  tonic,  extruded  burps,  oscil¬ 
lated  chicken  with  elongated  pro¬ 
tons  and  electronic  bombardment, 
ion-iced  electrons  with  case-hard¬ 
ened  granules,  preheated  pre-forms 
and  micron  lubricant,  and  con¬ 
denser  oil. 

When  the  dishes  were  served, 
they  discovered  they  were  drinking 
and  eating:  cocktail,  grapefruit, 
celery,  radishes,  boned  chicken  with 
duchess  potatoes  and  lima  beans, 
ice  cream  and  cookies,  hot  rolls  and 
butter,  and  coffee. 


Franklin  Institute  Award 
to  Dr.  Rentschler 

Development  and  application  of 
a  bacteria-killing  ultraviolet  lamp 
has  gained  for  Dr.  Harvey  C.  Rent¬ 
schler,  director  of  research  at  the 
Westinghouse  lamp  division,  the 
Frank  P.  Brown  Medal,  annual 
award  of  Franklin  Institute. 
Founded  in  1938,  the  medal  is  de¬ 
voted  to  inventions  of  merit  in  the 
building  and  allied  industries. 

Presentation  was  made  by  Charles 
S.  Redding,  president  of  Franklin 
Institute  at  a  dinner  which  con¬ 
cluded  the  yearly  medal  day  cere¬ 
monies.  The  honor  was  specifically 
for  the  application  and  source  of 
bactericidal  ultraviolet  radiation  in 
air-conditioning  systems  in  a  sci¬ 
entific  and  practical  manner. 


RADIO  COMMUNICATIONS 


Engineering  Scholarships 
Go  to  Ten  Students 

Attendance  at  the  College  of  En¬ 
gineering  in  Carnegie  Institute  of 
Technology  is  the  prospect  for  ten 
of  the  684  entrants  in  the  seventh 
annual  scholarship  competition 
sponsored  by  Westinghouse  Elec¬ 
tric  &  Mfg.  Co.  Awards  are  valued 
at  $1850  each.  Recipients  were 
chosen  on  the  basis  of  mental  abil¬ 
ity,  aptitude  for  engineering,  and 
qualities  of  leadership  and  person¬ 
ality.  The  successful  ten  were: 
George  Baldwin,  New  Caanan, 
Conn.;  Richard  Eschenbach,  Wil¬ 
liamsport,  Pa. ;  Clifford  Gower, 
Austin,  Minn.;  Thomas  Hall,  Ken¬ 
ton,  Ohio;  Warren  Helmer,  Spo¬ 
kane,  Wash. ;  Richard  Huntoon,  De¬ 
troit,  Mich.;  Vincent  Prus,  Baden, 
Pa. ;  Chandler  Sammons,  La 
Grange,  Ill. ;  Clark  Sloan,  Nashville, 
Tenn.;  and  Dale  Wright,  Amarillo. 
Tex. 

Tests  for  the  16-  and  17-year-old 


ERCO’S  COMPLETE  ENGINEERING  SERVICE 


ERCO  ENGINEERING  means  “experiencc'at'work”.  Whether  completely 
equipping  airports  and  airways  or  other  installations  involving  radio  ranges 
and  traffic  control.  For  example,  ERCO  designs  Airport  Control  Towers  from 
the  inception  of  plan  to  the  complete  airport  installation,  including  design  of 
control  tower  with  recommendations  for  all  necessary  equipment  involving 
new  technique  in  complete  airport  design  and  operation. 

Such  installations  call  for  top'notch  specialists.  That  is  why  many  prominent 
organizations  specify  ERCO’S  complete  engineering  service. 

Whether  you  need  modem  radio  control  facilities  or  equipment  to  help  win 
the  war  or  are  interested  in  de- 
R,— ^  veloping  plans  in  anticipation  of 

conditions,  ERCO  engi- 
neers  would  be  pleased  to  confer  ^ 

V  with  you.  Your  inquiry  invited. 
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Today,  many  manufacturers  are  blue- 
printing  designs  for  post-war  products 
and  many  of  them  have  already  included 
General  Plate  Laminated  metals  into  their 
designs. 

If  you,  too,  are  working  on  products  for  to¬ 
morrow,  it  will  pay  you  to  consider  the  follow¬ 
ing  advantages  of  General  Plate  Laminated 
Metals. 

Permanently  bonded  laminations  of  precious 
metals  to  inexpensive  base  metals  give  solid 
precious  metal  performance  at  a  fraction  of  the 
cost  of  solid  precious  metals. 

The  precious  metal  provides  effective  corrosion 


resistance,  high  electrical  conductivity, 
long  life,  etc.,  while  the  base  metal  adds 
strength  and  workability. 

Base  to  base  metal  laminated  combinations 
provide  specific  performance  requirements  not 
obtainable  in  a  single  base  metal. 

General  Plate  Laminated  Metals  are  available 
in  sheet,  wire,  tube  .  .  .  inlaid  or  wholly  cov¬ 
ered.  Many  new  laminated  metal  combinations 
have  been  developed  since  the  war  and  will  also 
be  available  after  peace.  Why  not  get  an  early 
start  by  getting  in  touch  with  us  now.  Write, 
specifying  your  problems  and  our  engineers  will 
gladly  make  their  recommendations. 


Ovariay.  pf  ctow  nwtak. 
MM  titia  m  kotk  siSw. 


GENERAL  PLATE  DIVISION 


of  Metals  &  Controls  Corporation 

50  Church  St.,  New  York,  N.  Y.  •  205  W.  Wockor  Drivo,  Chicago,  III.  •  2791  Konsinglon  Ploco  East,  Columbus.  Ohio 

•  2635  Pago  Drivo,  Altodono,  California  o 


ATTLEBORO,  MASSACHUSETTS 
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aspirants  included  a  range  from 
simple  word  associations  to  ques* 
tions  tough  enough  to  stop  most 
college  seniors,  but  the  results 
showed  that  the  group  scored  well 
within  the  top  standards  set  by 
foremost  colleges  and  universities. 
Among  those  participating  were 
found  many  interests  aside  from 
the  scientific  urge  which  impelled 
them  all.  Some  are  musicians,  some 
athletes,  and  one  a  journalist ;  while 
most  maintain  active  interests  out~ 
side  the  classroom. 


Television  Standards 
and  Allocations 

Many  of  the  television  improve¬ 
ments  made  possible  by  war-stimu- 
Jated  research  Jind  development 
are  ‘  suitable  lor  incorporation  I 
within  the  ift  without  the  neces¬ 
sity  of  changes  in  standards,  ac¬ 
cording  to  David  Smith,  director  of 
research  at  Philco,  who  talked  on 
the  standards  situation  before  the 
second  meeting  of  the  Television 
Seminar  of  the  Radio  Executives 
Club  in  New  York  recently.  On  the 
other  hand,  he  said  that  some  of  the 
improvements  might  necessitate 
changes.  Describing  the  organiza¬ 
tion  and  activities  of  RTPB,  he 
pointed  out  that  it  was  the  responsi¬ 
bility  of  the  engineers  on  its  panels 
to  agree  on  the  basis  of  engineering 
facts  as  to  the  things  which  should 
be  done. 

In  response  to  questions  frbm  the 
audience,  Mr.  Smith  opined  that 
the  video  component  of  television 
transmission  would  be  likely  to  stay 
on  amplitude  modulation  but  that 
the  optimum  selection  between  AM 
and  FM  for  the  audio  section  had 
not  yet  been  established. .  Relay  j 
stations  probably  should  be  estab¬ 
lished  in  the  upper,  less  crowded 
portions  of  the  spectrum,  but  could 
be  operated  on  the  frequencies  of 
the  basic  transmissions  if  space  re¬ 
quires,  he  said.  The  problem  of  re¬ 
flection  in  large  cities,  he  charac¬ 
terized  as  a  still  unsolved  problem. 

Speaking  to  the  same  group  on 
frequency  allocation.  Dr.  C.  B. 
Jolliffe,  RCA  chief  engineer,  said 
that  the  development  of  a  competi¬ 
tive  system  of  television  in  this 
country  would  need  the  space  in  the 
150-300  Me  band  which  has  not  yet 
been  opened  up  by  technical  devel¬ 
opment — difficulties  in  general  be¬ 
ing  in  the  generation  of  power  at 


THAT 


To  insure  constant  frequency  and  high 
activity.  Crystals  must  be  cut  at  the  correct 
angles  to  the  crystallographic  axes.  That’s 
why  CT.C.  Crystals  are  X-RAY  ORI¬ 
ENTED.  This  process  predetermines  the 
axes  of  the  Crystals,  making  it  possible  to 
cut  each  slice  with  extreme  accuracy. 

Next  time  you  need  Crystals  send  your 
specifications  to  us.  You’ll  find  C.T.C.’s 
"correctly  cut”  Crystals  will  meet  your  most 
exacting  standards  of  quality  and  per¬ 
formance. 

For  delivery  estimates,  quotations,  etc., 
get  in  touch  with 


CAMBRIDGE  CORPORATION 

439  CONCORD  AVE.  •  CAMBRIDGE  38,  MASS. 
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THE 

CONDENSER 
LINE  OF 
UNSURPASSED 
QUALITY 


PAPER,  OIL  AND  ELECTROLYTIC  CONDENSERS 

INDUSTRIAL 

CONDENSER  CORPORATION 

1725  W.  NORTH  AVE.,  CHICAGQ,  U.  S.  A. 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR'S  STOCKS 


such  frequencies,  or,  in  other  words, 
a  tube  problem.  He  also  stated  that  ' 
the  problem  in  Great  Britain  was 
much  less  difficult  because  of  the 
monopoly  set-up  which  made  it  * 
possible  to  cover  the  Isles  with  as 
few  as  four  or  five  channels. 

^  Answering  questions.  Dr.  Jolliffe 
predicted  the  unlikelihood  of  chan¬ 
nel-sharing  because  of  the  high 
cost  of  equipment  which  could 
hardly  be  amortized  on  the  basi^  of 
part-time  service.  He  felt  that 
there  was  no  merchandising  advan-  ! 
tage  inherent  in  the  coverage  as-  ! 
pects  of  channels  in  one  part  of  the 
spectrum  as  against  those  in  an¬ 
other. 

On  the  subject  of  extremes  in 
transmission  distance. and  possible 
interference,  he  told  of  certain  pe¬ 
culiarities  related  to  the  sunspot 
cycle  and  other  sporadic  phenomena. 
For  a  period  of  a  month  or  so,  and 
for  only  a  few  minutes  a  day,  re¬ 
ception  of  British  signals  was  ac¬ 
complished  on  Long  Island  at  one 
time.  Again,  New  York  to  Chicago 
transmission  was  discovered  acci¬ 
dentally  once  when  both  transmit¬ 
ters  were  on  the  air  with  the  same 
picture.  When  Chicago  closed 
down,  the  picture  was  found  to  re¬ 
main  on  the  receiver  screen.  How¬ 
ever,  neither  of  these  cases- held  the 
likelihood  of  trouble,  because  of 
rarity  and  low  signal  strength. 

Electronic  Eyes  for 
the  Works  Manager 

One  of  the  fields  into  which  tele¬ 
vision  may  very  likely  expand  after 
the  war  is  the  monitoring  and  co¬ 
ordination  of  factory  operations 
from  either  a  centralized  point  of 
convenient  observation  by  those  in 
control,  or  from  a  vantage  point 
remote  from  the  dangers  inherent 
in  certain  operations.  This  sug¬ 
gestion  was  recently  presented  at 
a  meeting  of  the  Engineering  So¬ 
ciety  of  Detroit  by  Ralph  R.  Beal, 
assistant  to  the  vice  president  in 
charge  of  RCA  Laboratories. 

Television  cameras  located  at 
strategic  points  throughout  the 
plant  would  permit  the  manager  to 
make  an  inspection  tour  without 
leaving  his  office  and  in  a  fraction 
of  the  time  presently  required.  Used 
in  connection  with  chemical  reac¬ 
tion  chambers,  cameras  could  bring 
the  process  operator  to  a  closeup 
of  the  actions'  under  his  charge 
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WRITE  FOR  FREE  WALL  SIZE  COPY  OF  THIS  REACTANCE  CHART 
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SOLID  ^AOLDED 
rES^OR  ELE^AENT 
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TyiM  J  Brodlcyomaler  show¬ 
ing  how  low-r*sistonco  carbon 
brush  mokos  a  smooth  contact 
with  tha  rasislor  •l•m•nl. 


For  War  Service  —  Use  these  solid  molded  resistors 
. . .  not  af/ected  by  cold,  heat,  or  moisture 


Typa  JS  Bradlayomatar  with  a 
b«i(l-in  switch. 


trodlayofflatars  may  bo  wsod 
lingly  or  assomblod  for  dual 


—or  triple  construction  to  fit 
ony  oloctronic  control  nood. 


The  retitfor  elefnent  in  AII«n>Bradley  Type  J  Bradleyometers 
hat  tubtfontial  Hikknets  (approximately  1y^32*inch  thick),  and  in 
thb  respect  drffert  from  film,  paint,  or  spray  type  resistors.  The 
resistor  it  molded  as  a  tingle  unit  with  insulation,  terminals,  face 
plate,  and  threaded  bushing.  There  ore  no  rivets,  welded  or  sol¬ 
dered  connections,  or  unreliable  conducting  paints.  Allen-Bradley 
resistors  are  therefore  reliable  under  all  extremes  of  service 
conditions. 

During  manufacture,  the  resistor  element  may  be  varied  through¬ 
out  its  length  to  provide  practically  any  resistance-rotation  curve. 
Once  the  unit  has  been  molded,  however,  its  performance  is  not 
affected  by  heat,  cold,  moisture,  or  hard  use. 

Bradleyometers  ore  the  only  continuously  adjustable  composi¬ 
tion  resistors  having  a  two-watt  rating  with  a  good  safety  factor. 
The  Allen-Bradley  Bradleyometer  is  the  only  commercial  type  ad¬ 
justable  resistor  that  will  consistently  stand  up  under  the  Army- 
Navy  AN-QQ-S91  salt  spray  test.  Write  for  specifications. 

Allen-Bradley  Company,  110  W.  Greenfield  Ave. 

MQwaukee  4,  Wisconsin 
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Wherever 

Bectrorwc 
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Totals  .  $61,0001130,000 

No  provision  has  been  made  in 


without  exposing  him  to  personal 
risk  from  heat  or  corrosive  mate¬ 
rials. 

Other  proposed  uses  of  postwar 
television  in  industry  and  com¬ 
merce  included  equipment  to  fa¬ 
cilitate  movements  of  ships  in  p<  i*t 
by  four-way  iconoscope  eyes  and 
monitors  for  traffic  control  on  busy 
or  hazardous  highways. 

Costs  for  FM  Stations 


Urged  by  three  authorities  in  ' 
FM  broadcasting,  newspaper  own-  ’ 
ers  were  recently  given  specific  . 
data  concerned  with  their  possible  j 
entry  into  the  field.  At  a  special  1 
session  of  the  American  Newspaper  ' 
Publishers  Association  in  New 
York,  Major  Edwin  H.  Armstrong 
pointed  out  that  those  publishers  i 
who  missed  their  first  opportunity 
to  get  into  radio  were  being  given 
a  second  chance. 

Dr.  W.  R.  G.  Baker  predicted  a 
I  tenfold  expansion  of  outlets  within 
I  five  years  of  war’s  end  and  a  cor-  ' 
j  responding  reduction  in  AM  sta- 
1  tions  from  the  present  912  to  about 
1  750.  Walter  J.  Damm,  vice  presi- 
j  dent  of  the  Milwaukee  journal  and 
;  president  of  Frequency  Modulation 
1  Broadcasters  Inc.,  presented  the  fol- 
I  lowing  figures  for  the  guidance  of 
j  his  fellow  newspapermen.  He  based  \ 

'  the  tabulation  on  an  assumption 
I  that  operation  w'as  to  be  started  , 

'  from  scratch  and  that  studios, 
transmitter,  and  antenna  would  be  \ 
located  together — a  condition  feas-  | 
ible  up  to  10,000  watts.  j 


Estimated  Construction  Costs 


Wattage 

1,000 

3,000 

Filing  . 

$2,500 

$2,500 

Transmitter  . 

10,000 

13,750 

Antenna . 

6,000 

7,500 

Studio  Control . 

4,000 

5,000 

Installation  . 

Measuring  Equipt- 

2,500 

3,000 

ment  . 

Proof  of  Perform- 

2,000 

2,000 

ance  . 

2,500 

2,600 

Miscellaneous  . 

1,000 

2,000 

Totals  . 

$30,500 

$38,250 

Wattage 

10,000 

50,000 

Filing  . 

$2,500 

$2,500 

Transmitter  . 

25,000 

76,000 

Antenna  . 

•  12,500 

17,000 

Studio  Control..... 

6,000 

10,000 

Installation  . 

Measuring  Equip- 

7,500 

16,000 

ment  . 

Proof  of  Perform- 

3,000 

3,000 

ance  . 

2,500 

2,500 

Miscellaneous  . 

3,000 

5,000 

^  ^1 


Hence  the  importance  of  using  precision- 
made,  accurate  and  uniform  metal  fasten¬ 
ings  especially  suitable  for  your  electronic 
equipment.  Services  of  the  STERLING 
BOLT  COMPANY  are  increasingly  used 
by  the  Electronic  Industry  to  meet  day  to 
day  requirements  for  bolts,  screws,  nuts, 
rivets  and  washers  of  every  type,  every 
size,  every  metal  and  for  every  fastening 
purpose.  You  deal  with  one  reliable  source 
and  you  have  available  STERLING’S 
fastening  consultation  service  to  help  you 
solve  your  metal  fastening  problems. 

Write  today  for  quotations 


PRECISION  MADE  FOR  PRECISION  FASTENING 


STERLING  BOLTS 

STERLING  BOLT  COMPANY  ■  211  W.  JACKSON  BLVD.,  CHICAGO  6.  ILL. 
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the  figures  for  control  equipment 
such  as  microphone  amplifiers  and 
associated  equipment  used  to  pick 
up  temporary  programs  from  loca¬ 
tions  outside  the  studio.  It  is  esti¬ 
mated  that  $800  should  be  sufficient 
to  cover  a  reasonably  efficient 
equipment  setup  of  this  kind. 
Studio  construction  costs  present 
such  a  variety  of  problems  that  any 
cost  estimate  would  be  a  stab  in 
the  dark. 

Assuming  the  simplest  kind  of 
remodelling  job  and  allowing  for 
a  minimum  of  studio  space,  a  con¬ 
trol  room  and  space  to  house  the 
transmitter  (not  beyond  10,000 
watts),  $12,000  should  do  the  job. 
This  would  cover  a  reasonable 
amount  of  sound  isolation  and 
acoustical  treatment. 
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it  doesn’t  work 


•  No  matter  how  carefully  designed — ^no  circuit 
will  function  if  imperfectly  sealed.  That's  why 
Eester  Rosin-Core  Solder  ploys  such  an  important 
part  in  building  and  assembling  electronic  equip¬ 
ment.  Circuit  connections  are  made  permanently 
safe  with  Eester. 


As  to  Operating  Costs 

Under  similar  conditions,  figures 
for  annual  operating  expense  were 
given  on  the  basis  of  six-hour  trans¬ 
mission  at  1000  watts  and  for  inde¬ 
pendent  operation  of  FM  facilities. 
Combination  with  existing  serv¬ 
ices  would  permit  reduction  of  some 
items.  To  these  figures  must  be 
added  items  for  taxes,  copyright 
fees,  and  transmitter  site  rental. 

Estimated  Annual  Operating  Cost 

$6,000 
5,000 
3,000 
1,800 
1,000 
8,500 
2,400 
1,200 
450 


•  This  specially  designed  Eester  solder  has  a 
patented,  self-contained,  plastic  rosin  flux.  It  is 
non-conductive.  non-corrosive,  and  non-injurious 
to  insulating  material.  Fluxing  power  remains 
positive  even  under  temperature  extremes.  Work 
is  faster  because  flux  and  alloy  are  applied  in  one 
simple  operation.  Connections  hold  tight  against 
shock,  vibration  and  bending. 


Rent  . 

Station  Manager . 

Announcer  . 

Stenographer  . 

Telephone-Office  Supplies . . 

Operators  (3) . 

Promotion  . 

Power  and  Light . 

Tube  Replacements . 

Social  Security  &  Compensa 

tion  Taxes . 

Apparatus  Maintenance.... 

Depreciation . 

Insurance  . 

Program  Production . 

Transcription  Service  .... 

News  Service  . 

FMBI  Dues . 

Misc.  Program  Material... 

Total  .  $52,585 

As  power  increases,  operation  ex¬ 
penses  in  certain  classifications  will 
also  increase,  particularly  in  such 
items  as  electric  power  and  light, 
tube  replacements,  operators  sal¬ 
aries,  and  depreciation. 


^  Eester  Rosin-Core  Solder  is  available 
in  a  wide  range  of  core  and  strand  sizes. 
Consult  Eester  engineers  freely,  with¬ 
out  obligation,  regarding  any  electronic 
soldering  application. 


KISTIR  SOLDER 


4204  Wrightwood  Avenue 


Chicago  39,  Illinois 


Canadian  Plant:  Broniiord,  Ont. 


Developments  in  Television 

Superseding  previous  experimental 
installations,  the  first  regularly 
scheduled  commercial  television  re¬ 
lay  system  in  the  U.  S.  has  been 
completed  by  a  link  station  installed 
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\n  army  within  an  army  .  . .  the  75,000  doctors  and 
nurses  of  the  Army  Medical  Department  have  the  job 
of  saving,  rather  than  taking  life.  The  victory  they  are 
winning  is  magnificent  beyond  praise.  Want  facts? 

In  the  last  war,  eight  of  every  hundred  wounded  men 
died.  Today,  ninety-seven  of  every  hundred  wounded 
recover.  And  that  is  not  the  whole  story,  either  . . .  the 
tragic  toll  of  men  suffering  amputation,  prolonged  hos¬ 
pitalization,  recurrent  operations  and  permanent  disa¬ 
bility  is  being  drastically  reduced. 

The  wartime  products  of  Connecticut  Telephone  §  Elec¬ 
tric  Division  (field  telephone  equipment,  electronic  de¬ 
vices,  and  aircraft  ignition  components)  are  helping 
the  Army  Medical  Department  to  practice  its  skill  and 
devotion  with  greater  promptness  than  ever  before. 


Here  at  home,  Connecticut  Telephone  S  Electric  hospital 
communicating  and  signalling  equipment  (installed  be¬ 
fore  the  war)  is  also  lending  a  helping  hand.  Civilian 
doctors,  nurses,  and  volunteer  aides  in  understaffed 
institutions  are  doing  a  job  under  trying  conditions 
which  too  few  of  us  appreciate.  “Connecticut’* 
equipment  adds  to  their  efficiency  in  hundreds  of 
American  hospitals. 

After  the  war,  needed  hospital  construction  will  be 
one  of  the  most  active  and  important  elements  of  the 
nation’s  building  program.  "Connecticut”  engineers 
are  planning  even  now  to  return  to 
#  \  hospital  field  with  new  and  better 

I  f  systems  for  communications,  signal- 

ling,  paging  and  "electronic  supervision”. 


CONNECTICUT  TELEPHONE  &  ELECTRIC  DIVISION 

GREAT  AMERICAN  INDUSTRIES.  INC.  •  MERIDEN,  CONNECTICUT 
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at  Mt  Rose,  N.  J.,  making  available 
the  programs  of  WNBT,  New  York, 
to  the  viewing  audience  of  WPTZ, 
Philadelphia,  Philco  Corp.  outlet. 
It  was  dedicated  during  a  meeting 
of  the  Poor  Richard  Club  at  the 
Franklin  institute  in  Philadelphia 
recently. 

Other  Philco  activities  were  de¬ 
scribed  at  the  meeting  by  James  H. 
Carmine,  vice-president.  They  in¬ 
clude  a  picture  tube  with  flat  face 
which  avoids  distortion  in  picture 
with  angle  viewing,  and  a  so-called 
ion  trap  which  removes  the  brown 
blemish  at  the  center  of  the  picture 
tube  by  Altering  out  the  heavy  nega¬ 
tive  ions  emitted  by  the  electron 
gun. 


A  recent  rurvey  of  Gete$  insteUmtione  revemh: 


EllMHJt  cosn  WR 


Registration  of  Professional 
Engineers  in  Illinois 

The  Illinois  Professional  Engi¬ 
neering  Act,  requiring  the  licens¬ 
ing  of  professional  engineers  to 
practice  in  the  state,  was  passed  on 
August  1,  1943.  With  certain  ex¬ 
ceptions,  on  and  after  that  date,  it 
became  unlawful  to  practice  pro¬ 
fessional  engineering  without  be¬ 
ing  licensed  by  the  Department  of 
Registration  and  Education  at 
Springfield,  Ill. 

An  injunction  obtained  by  Ar¬ 
thur  H.  Krebs  prohibits  the  ex¬ 
penditure  of  public  funds  to  ad¬ 
minister  this  Act.  Accordingly, 
the  peculiar  situation  arises  in 
which  a  law  affecting  engineers  has 
been  passed  in  the  State  of  Illinois, 
but  the  Department  of  Registration 
and  Education  is  restrained  from 
spending  public  funds  for  its  ad¬ 
ministration  and  cannot  license 
engineers  since  it  could  not  print 
applications  or  conduct  necessary 
correspondence. 

The  Illinois  Engineering  Coun¬ 
cil,  representing  the  majority  of 
engineering  societies  of  the  State, 
has  cooperated  during  the  drafting 
and  passage  of  the  Act  to  prevent 
conflict  with  other  existing  engi¬ 
neering  statutes.  The  Council  has 
also  assumed  the  responsibility  for 
protecting  interests  of  engineers  in 
the  State  until  the  case  is  decided 
upon  by  the  Supreme  Court  of  Il¬ 
linois. 

Decision  in  Fall 

One  of  the  provisions  of  the  Act 
is  a  “grandfather  clause”  permit¬ 
ting  resident  engineers  to  apply 
for  licenses  without  written  or  oral 


Just  figure  it — an  average  main¬ 
tenance  cost  of  $12.50  for  2^ 
years — forty  some  cents  per 
month!  Today,  when  equip¬ 
ment  is  at  the  “critical  stage,” 
efficiency  is  not  only  important, 
it  is  a  must.  Years  of  experi¬ 
ence  in  transmitter  designing 
has  enabled  Gates  engineers  and 
skilled^craftsmen  to  design  and 
build  transmitter  equipment 
that  measures  up  to  today’s 
heavy-load  requirements.  And 
that’s  a  sound  reason  why  the 
less  you  have  to  spend,  the  more 
important  it  is  to  buy  Cates 
equipment  and  enjoy  more  per¬ 
formance  hours  per  dollar! 
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If  you’d  like  to  know  more 
about  the  Model  tSOC 
Tranamitter  illuatrated, 
write  for  technical  bulletin 
which  ffivea  complete  data 
and  detaila.  Conault  ua  on 
any  maintenance  problem, 
voithout  obligation. 
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Mod«l  250C  Trantmltter 
"Showmanship  With  a 
Plus  Porformancol" 


Stain] 

accor 


QUINCY,  ILLINOIS,  U.  S.  A. 


ktamrfaeturert  of  kadlo  Broadeatf  Traoamlttora,  Speech  Equipment, 
Keeordlug  Apparatut  and  Allied  equipment  In  the  electronic  Md$. 
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SHORT-RUN  METAL 
STAMPINGS  WITHOUT 
HIGH  DIE  COST! 


How  much  would  this  Stamping 
cost  you  for  a  lot  of  100  pieces? 


Typical  Saving  on 
Intricate  Stampings 

Check  the  dimensions  on  the  left,  cov¬ 
ering  the  small  part  shown  in  drawing 
above.  Produced  with  ordinary  dies, 
one  hundred  would  cost  approximately 
$180  to  $250.  By  Dayton  Rogers  service, 
with  strict  adherence  to  working  toler¬ 
ances,  cost  was  brought  down  to  4/0^ 
each.  Let  us  quote  you  on  your  short- 
run  stamping  jobs! 


MSTCRinL:H.H.C.IU. 


Send  for  This  Booklet 

New  booklet  No.  176-17  “Metal 
Stamping  in  Small  Lots’*  gives  val¬ 
uable  information  for  Designing 
Engineers  and  Production  Execu¬ 
tives.  Tells  how  small-lot  metal 
stampings  can  be  furnished  at  sur¬ 
prisingly  low  costs.  Ask  for  copy 
on  your  letterhead. 


Die  cut  metal  stampings 
_ 11  _ 


DAYTON  ROGERS  MFC 

2859  12lh  avenne  South  MINMEAPOUS  7, 
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TNI  45000  situs 


MIDGIT  COIL  FOtMS 


JAAiES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTOIY 

MALDEN 

MASSACHUSETTS 


■r*  a  gaod  illutk^on  of  our  slogan,  "Dotignod 
Application."  Coll  forms  of  this  gonorol 
typo  (ovolvod  from  uso  of  discardod  Iwbo 
basos)  hovo  long  boon  usod  by  oloctronlc  ro- 
soorch  workors  and  radio  omatours.  Tho  short¬ 
comings  of  provious  typos  woro  ovorcomo  four 
yoors  ago  whon  wo  dMignod  and  put  into  pra- 
duction  tha  fbsl  of  tho  No.  45000  Sorios. 

Tho  "Dosignod  for  Application"  fooluros 
incluiio: 

1.  Tho  guMo  "funnol"  (oosior  to  Ihrood  loads 
into  pins) 

2.  Tho  longoT  Ihon  wormol  lon<dh 

3.  Modo  in  S-pin  at  woll  as  4-pin  and  bhink 
basos. 

Tho  motoriol,  of  courso,  is  low  loss  mico- 
fUlod  bakoiito. 


m 


examinanous  within  a  year  after 
the  law  has  been  passed.  The  dead¬ 
line  for  applying  for  licenses  under 
the  grandfather  clause  is  July  31, 
1944.  The  Supreme  Court  of  the 
State  of  Illinois  heard  the  case  on 
May  17, 1944,  but  its  decision  is  not 
expected  until  Fall — ^well  after  the 
deadline  for  filing  applications. 

To  assure  that  engineers  will  be 
adequately  protected  in  the  event 
that  the  Supreme  Court  upholds  the 
I  Act,  the  Council  was  authorized  to 
!  furnish  secretaries  of  the  various 
engineering  organizations  with  ap¬ 
plication  blanks,  sheets  of  instruc¬ 
tions  and  summaries  of  the  Act  for 
distribution  to  individual  engi¬ 
neers. 

The  application  is  to  be  filed  with 
the  Department  of  Registration 
j  and  Education  at  Springfield,  Ill.  to- 
:  gether  with  a  fee  of  $10.00.  Remit¬ 
tance  should  be  in  money  order  or 
certified  check  and  not  by  a  per¬ 
sonal  check.  A  duplicate  form  is 
1  retained  by  the  applicant, 
j  In  the  event  the  Supreme  Court 
reverses  the  decision  of  the  Circuit 
:  Court,  licenses  can  be  issued  only 
i  to  those  applicants  who  have  filed 
applications  by  July  31,  1944.  Thus 
■  far,  no  provision  has  been  made  for 
j  extending  the  date  limiting  appli- 
I  cation. 

Correspondence  should  not  be  di¬ 
rected  to  the  Department  of  Regis¬ 
tration  and  Education  but  should 
be  directed  to  the  secretary  of  the. 
applicant's  engineering  organiza¬ 
tion  or  to  Frank  F.  Fowle,  Presi¬ 
dent  of  the  Illinois  Engineering 
Council,  35  E.  Wacker  Drive,  Chi¬ 
cago,  Ill.  Radio  engineers  may  ad¬ 
dress  their  inquiries  to  W.  0. 
Swinyard,  Hazeltine  Electronics 
Corporation,  325  W.  Huron  Street, 

!  Chicago,  Ill. 

Although  relatively  few  engi¬ 
neers  will  be  required  to  register 
under  the  provisions  of  this  Act, 
many  will  probably  desire  to  regis¬ 
ter  to  avoid  any  difficulty  should 
they  desire  to  or  find  it  necessary  to 
do  so  at  some  later  date.  Failure  to 
file  applications  by  July  31,  1944, 
will  mean  that  the  applicant  will 
have  to  pass  a  written  or  oral  ex¬ 
amination  in  engineering  to  obtain 
a  professional  engineering  license 
at  some  subsequent  date.  The  fee 
in  this  case  is  $20.00. 

To  qualify  under  the  grandfather 
clause  without  examination,  a  per¬ 
son  must  submit  evidence,  under 


ETAL-GLASS  TERMINAL 


KOVAR  ELECTRODE 

(solid  or  tubular) 

KOVAR  FLANGE 

(soldar,  wold  or  brazo  \ 
to  apparatus  container)  \ 


^('1  ifie  ^Ctclxf^nicx. 


€^t 


Use  KOVAR 
for  sealing 

ELECTRONIC  TUBES 

TRANSFORMERS 

RESISTORS 

CAPACITORS 

CONDENSERS 

VIBRATORS 

SWITCHES 

RELAYS 

INSTRUMENTS 

GAUGES 

METERS 

TRANSMITTERS 


POSITIVE 

HERMETIC  SEALING 

Illustrated  arc  rcpresentati\e  stvlcs  and  siio  of  single  electrode  tNpe  Kovar- 
jjlass  terminals,  manufactured  by  Stupakoff  for  the  electronic  industry. 

The  metal,  KO\’AR,  a  cohalt,  nickel,  iron  allov,  has  made  possible  a 
hermetically  sealed  terminal  without  the  use  of  cements  or  {jaskets.  The  seal 
between  Kovar  and  plass  is  a  chemical  bond  in  which  the  oxide  of  Kovar  is 
dissolved  into  the  glass  during  a  heating  process.  The  result  a  perma¬ 
nently  vacuum  and  pressure  tight  seal — effective  under  the  most  extreme 
climatic  conditions. 

Stupakoff  aho  supplies  Kovar  as  rod,  sheet,  wire,  tubing,  eselets,  cups 
and  other  forms  for  those  equipped  to  do  their  own  glass  working. 

Kovar-glass  seals  answer  most  hermetic  sealing  problems.  Write 
today  for  technical  data  Bulletin  KA-IZ  listing  currently 
available  Kovar-glass  terminals  and  Bulletin  KA-I  1  A 
for  standard  Kovar  shapes  and  sizes. 


STUPAKOFF  CEitAMIC  AND  MANUFACTURING  CO.,  LATROBE,  PA. 


FUSED  SEAL 

(vacuum  and 
prassura  tight) 


SEALING 

GLASS 

(Tharmal  shock 
rasistant) 


ELECTRONICS  — J«/y  1944 


287 


oath,  that  he  is  of  good  character, 
has  been  a  resident  of  the  State  of 
Illinois  for  at  least  one  year  im¬ 
mediately  preceeding  the  date  of 
application,  and  was  practicing 
engineering  at  the  time  the  Act  be¬ 
came  effective.  In  addition,  he  must 
have  performed  work  of  character 
satisfactory  to  the  examining 
committee. 


Electronics  Jobs  in  Alaska 

Opportunities  exist  on  the  7000 
miles  of  civil  airways  in  Alaska  for 
60  radio  electricians,  according  to  a 
recent  announcement  of  Civil  Aero¬ 
nautics  Administration.  The  jobs 
pay  about  $3500  for  a  48-hr  week 
while  other  openings  paying  up  to 
$4600  call  for  more  highly  skilled 
radio  men.  Ten  radio  engineers  are 
wanted  at  salaries  ranging  between 
$3700  and  $5600. 

Applicants  must  be  draft  exempt 
and  equipped  with  releases  and 
medical  certificates.  Men  over  38 
are  acceptable  and  discharged  serv¬ 
ice  men  given  preference.  Although 
facilities  are  presently  so  limited 
that  technicians  can  only  go  on  a 
bachelor  basis,  provision  for  the 
later  importation  of  families  is 
planned.  Address  Alaska  Projects 
Depot,  224  Westlake  Ave.,  North, 
Seattle,  Wash. 


This  new  24  page  data  book  contains  information 
important  to  every  pilot  light  user.  In  addition  to  illus¬ 
trating  and  describing  a  complete  range  of  styles  and 
sizes  of  both  variable  intensity  and  fixed  units  for  prac¬ 
tically  any  application  and  voltage  you  could  want,  it 
also  goes  into  detail  on  brackets,  bulbs  and  accessories. 
A  copy  will  be  promptly  sent  to  you  on  request. 


MANUFACTURING 

COMPANY 


1310  North  Ninth  St.,  Springfiold,  III 


Delays  in  Industrial 
Electronic  Applications 

Economics  of  industrial  elec¬ 
tronics  are  largely  governed  by 
tube  life  and  therefore  many  of  the 
industrial  functions  which  were 
technically  feasible  many  years  ago 
had  to  wait  for  development  of  suit¬ 
able  tubes  with  extended  life  fac¬ 
tors  before  coming  into  widespread 
use.  Speaking  before  an  IRE  audi¬ 
ence  in  New  York  during  May,  W. 
C.  White  of  the  Electronics  Divi¬ 
sion,  General  Electric  Co.,  presented 
this  and  several  other  points  in  ex¬ 
planation  of  the  time  lag  which 
sometimes  seems  incomprehensible 
to  those  engineers  active  in  the 
early  work  on  a  project  which  comes 
so  slowly  into  full  use. 

Other  things  involved  are  a  high 
ratio  of  application-engineering 
co*st  to  equipment  value;  lack  of 
knowledge  and  plain  inertia  to 
change;  relatively  wide  discrep¬ 
ancies  in  supposedly  identical  tubes 
— causing  design  limitations  in 
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Whan  only  D.  C.  power  is  available,  ELECTRONIC  DEVICES 
requiring  from  MO  fo  3250  volt-amperes  A.  C.,  con  be  operated 
by  a  rugged  Janette  rotary  converter.  Many  thousands  of  such 
essential  safety  and  other  electronic  devices,  used  on  ships  and 
shore  stations,  depend  upon  Janette  converters  for  power. 

Wherever  there  are  ships,  you  will 
CT?  find  Janette  converters. 


ELECTRC 
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hp-  Instruments  are  rated 
within  conservative  limits 


MAINTAINS 

i  8  FIXED  FREQUENCIES 
WITH  ACCURACY  OF 
I  1  PART  IN  2000 
OVER  LONG  PERIODS 


because  of  the  wide  range  of 
applications  which  are  normally 
encountered.  However,  their  performance  can  be  depended' 
upon  within  much  closer  limits  when  proper  care  is  taken. 

For  example:  -hp-  Audio-Oscillators  are  rated  to  maintain 
accuracy  within  2  parts  in  100  yet  here  is  a  case  where  they 
are  performing  successfully  in  an  application  which  requires 
accuracy  to  be  within  1  part  in  1000.  In  this  case  the  prob¬ 
lem  was  to  supply  8  separate  frequencies  simultaneously  for 
continuous  laboratory  and  production  testing. 

8  Standard  -hp-  model  200BR,  Resistance-Tuned  Audio 
Oscillators  were  mounted  in  a  single  rack  and  each  set  to  a 
desired  frequency.  The  Oscillators  were  then  enclosed  in  a 


temperature  controlled  chamber  which  maintains  operating 
conditions  close  to  the  ideal.^The  result;  accurac)’  is  main¬ 
tained  to  1  part  in  2000  .-r.whTch  «  40  times  better  than  thf 
normal  ratings  for  the  oscillators,  and  even  better  than  tK^ 
Strict  requirements  of  the- applications*' 

->&/>-  Resistance -Tuned  Oscillators  require  No  Zero  Setting 
and  they  have  but  3  control  _dials  on  .the  panel.  Their  sim¬ 
plicity  of  operation  makes  for  great  speed  in  production 
testing  with  no  sacrifice  -of  accuracy. 

-hp-  Engineers  are  ready  ^nd  willing  to  assist  you  in  any 
special  problem.  Ju&t  drop  a  .note  .giving  the  details.  There 
is  no  cost  or  obligation.  Ask  for  catalog  number  17 A. 

Such  performance  serves  to  assure  you  of  the  dependa¬ 
bility  of  -hp-  specifications,  -hp-  Instruments  will  always 
perform  up  to  published  ratings. 


HEWLEH-PACKARD  COMPANY 

Box  877A  •  Station  A  •  Palo  Alto,  California  •»»  . 
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GLENN-ROBERTS  COMPANY 

1009  FRUITVALE  AVENUE  2107  ADAMS  STREET 

OAKLAND,  CALIFORNIA  INDIANAPOLIS,  IN  DIANA 


equipment;  the  fact  that  develop¬ 
ment  difhculties  are  in  series  rather 
than  in  parallel — making  it  impos¬ 
sible  to  iron  out  all  the  bugs  at 
once;  and  failure  to  introduce  the 
product  in  a  test  installation  where 
conditions  are  reasonably  favorable, 
where  the  user  is  friendly  rather 
than  antagonistic,  and  where  a  pa- 
♦^ient  study  of  the  unpredictables 
can  be  made  for  modification  of 
subsequent  models. 


Tedoy,  all  of  us  art  doing  things  with  products 
that  yastarday  saamad  impossibla— graatar  loads — 
smallar  sixas-^ightar  waights — damands  that  angi- 
naars  "taar  thair  hair"  ovar. 

Tomorrow,  whan  "V"  day  comas  tha  Consumar 
will  ba  making  damands  and  wa  in  industry  will 
hava  to  ba  raady  to  moat  tham.  Tha  oxparianca 
gained  on  tha  war  production  front  will  ba  in  good 
stead  in  producing  tha  post  war  products. 

Wo  've  loarood  a  lot  and  wo  offer  you  this 
axparianco  for  your  present  and  post  war  produc¬ 
tion. 

WhM  yea  aeed  — 

STRIP  RfSISTORS 

PORCELAIN  CORE  RESISTORS  Writ*  for 

SPECIAL  RESISTOR  WINDIN6S  bnllttiii  8-101 

STANDARD  HEATINC  ELEMENTS  D*ft.  3 

SPECIAL  HEATINC  ELEMENTS 


Tube  Ceiling  Prices 

Established  to  combat  black  mar¬ 
ket  operations  in  electronic  tubes 
for  civilian  radios  and  phono¬ 
graphs,  specific  dollar-and-cent 
wholesale  and  retail  ceiling  prices 
now  apply  to  new,  replacement 
items.  Designated  as  Amendment 
No.  134  to  revised  Supplementary 
Regulation  No.  14  to  the  General 
Maximum  Price  Regulation,  the 
ruling  also  covers  charges  for  tube 
testing  and  associated  services. 

For  some  of  the  most  common 
tubes,  these  prices  apply,  including 
the  customary  90-day  guarantee 
and  the  10  percent  manufacturers 
Federal  excise  tax:  1A5GT — $1.10, 
1A7GT— 1.30, 1H5GT— 1.10, 1N5GT 
—1.30,  12SA7GT— 1.30,  12SQ7GT 
—1.00,  25L6GT— 1.10,  35Z5GT— 
.85,  50L6GT  — 1.10,  5Y3G  — .70, 
6F6G— .90,  6SA7GT— 1.10, 6SK7GT 
—1.10,  6V6GT— 1.10,  42— .85,  80— 


Pro^am  for  Veteran 
Rehiring 

At  Westinghouse,  1800  returning 
war  veterans  have  been  put  back  to 
work  as  part  of  a  company-wide 
program  devoted  to  the  sympathetic 
and  understanding  treatment  of 
those  men  with  physical  disabilities 
Most  of  the  discharged  men  are  nor¬ 
mal  in  mind  and  body  and  eager  to 
get  back  to  their  old  jobs,  but  the 
handicapped  group  is  being  given 
special  attention  from  the  point  of 
view  of  placement  in  activities 
suited  to  their  altered  capabilities. 

Surveys  have  been  made  of  oc¬ 
cupational  requirements  with  the 
indication  that  approximately  19 
percent  of  the  tasks  could  be  satis¬ 
factorily  done  by  persons  having 
only  one  leg,  17  percent  by  oper¬ 
ators  who  must  use  crutches,  83 
percent  by  men  with  only  one  eye, 
and  82  percent  by  deaf  persons. 

These  are  some  20,000  Westing- 


GIENN-ROBEBTS 


your 

cussit 

make 

only 

requi 


LONG  MANUFACTURED  as  integral  parts  of  famous  G-R 
Welders,  electrical  and  electronic  components  by  Glenn- 
Roberts  are  now  available  to  the  industry. 

Your  specifications  are  invited  for  production  runs  of  oil  and 
wax  type  capacitors,  pneumatic  timers,  a.  c  solenoid -type 
relays,  power  and  radio  transformers. 

ILICTRONICS  DIVISION 
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important.  For  'Tutting  the  Properties  in  Plastics" 
is  more  than  an  alliterative  phrase.  It  is  the 
action  taken  by  General  Electric  chemists  to 
give  your  product  the  electrical,  mechanical 
and  chemical  characteristics  that  its  application 
demands. 

This  phase  oi  G.E.'s  operation  is  particularly 
pertinent  at  this  time  because  most  products,  like 
most  men,  must  work  harder  and  longer  in  these 
times  of  war.  Today's  products  must  perform 
greater  tasks.  At  One  Plastics  Avenue,  chemists 
are  helping  them  to  do  so. 

BUY  WAR  BONDS 


GENERAL  m  ELECTRIC 


/^NE  of  the  significant  things  about  General 
Flectric's  self-contained  plastics  operation  is  that 
your  product  can  receive  the  attention  of  ex- 
p»erts  in  every  phase  of  the  business. 

In  a  manner,  it  is  comparable  to  submitting 
your  proposed  plastics  part  to  a  round-table  dis¬ 
cussion  of  chemists,  designers,  engineers,  mold- 
makers  and  manufacturing  men.  From  it  can 
only  come  the  plastics  part  that  best  suits  your 
requirements. 

The  contribution  of  the  chemist  to  the  success- 
hil  solution  oi  your  problem  is  interesting  and 

H«or  Gtnural  Elmctric  radio  programs:  "Tho  G-E 
All-girl  Oreh*s/ro"  Sunday  10  E.M.  EWT,  NBC  "Fh* 

World  Today"'  nows,  ovory  wookday  6:45  P.M.  EWT,  CBS. 


GET  DELIVERIES  IN  THREE  WEEKS! 


208AE 

Mifl.Bay 


108AE  408AE  108CE 

Wi.  Screw  Cand.  Screw  Mtfl.  Screw 


Cy^RAKE  hat  long  been  distinguished  as  the 
ctl_’  **world'8  largest  exclusive  manufacturer  of  pilot 
light  assemblies**!  Extensive  high  speed  facilities  per¬ 
mit  ns  to  produce  in  huge  volume.  That*s  why  you  can 
now  expect  delivery  of  custom  buiU  Assemblies  (if  no 
special  blanking  dies  are  required)  in  any  quantities 
within  3  weeks!  And  each  Diidce  unit  will  measure  up 
to  the  most  exacting  specifications  for  precision  work- 
*  manship,  uniform  fine  quality  and 

dependable  performance.  Get  the 
f>s  benefit  of  Drake  patented  features 
and  speedy  Drake  service.  Our  latest 
catalog  describes  several  new  units. 
Have  yon' written  for  it? 


PILOT  LIGHT  ASSEMBLIES 


j  ^would  like  to  discuss  your  post  war  receiver 
plans  with  you. 


DX  CRTSTAl  CO. 

GENERAL  OFFICES  1200  N  CLAREMONT  AVE  CHICAGO  22  ILL  U  S  A 


house  employees ’^Sif'teave  of  ab¬ 
sence  with  the  armed  forces  and 
the  number  of  men  being  returned 
is  steadily  increasing.  As  long  as 
wartime  levels  of  production  are 
maintained,  there  is  no  problem  of 
placing  the  veterans  but  the  com¬ 
pany  foresees  the  necessity  of  a 
large  percentage  of  the  temporary 
workers  returning  to  other  activ¬ 
ities  with  a  change  to  normal  civil¬ 
ian  levels. 

Small  Business  Shrinking 

Only  7.3  percent  of  the  communi¬ 
cation  and  electronic  equipment 
shipped  out  by  US  producers  be¬ 
tween  1939  and  1948  came  from 
plants  employing  less  than  500 
wage  earners.  Of  the  total,  the  very 
big  plants — 2500  workers  and  over 
— manufactured  68  percent.  These 
figures,  in  dollar  values,  were  pre¬ 
sented  by  Maury  Maverick,  vice- 
chairman  of  WPB  and  chairman  of 
the  Smaller  War  Plants  Corp.,  in 
testimony  before  the  Senate  Small 
Business  Committee.  v 

Mr.  Maverick  and  SWPC  were 
demonstrating  that  because  the 
proportionate  share  of  little  busi¬ 
ness  in  metal  products  industries 
as  a  whole  has  been  cut  roughly  in 
half  since  the  war  began,  the  sav¬ 
ing  of  free  enterprise  throi^gh  ' 
restoration  of  a  mor6  Suitable  pro¬ 
portion  will  be  a  job  of  second  im¬ 
portance  only  to  that  of  winning 
the  war. 

Worldwide  Communications 

With  the  idea  that  problems 
should  b6'  considered  and  policies 
established  before  the  end  of  the 
war.  Senator  ^urton.,K.  Wheeler, 
chairman  of  the  Senate  Committee 
on  Interstate  Commerce,  has  an¬ 
nounced  the  appointment  of  a  five- 
man  subcommittee  to  study  inter¬ 
national  conununications.  Other 
members  of  the  subcommittee  will 
be  Wallace  White  Jr.,  Maine  Re¬ 
publican;  Lister  Hill,  .  Alabama 
Democrat;  Ernest  McFarland,  Ari¬ 
zona  Democrat;  and  Warren  Aus¬ 
tin,  Vermont  Republican. 

Among  the  factors  leading  up  to 
this  step  are  (1)  rate  discrimina¬ 
tion  by  foreign  press  associations 
against  American  news  dispatches, 
(2)  need  for  assurance  of  National 
security,  (3)  possibility  of  impend¬ 
ing  cartel-type  deals  between  Amer- 
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BT  selenium  rectifier  plates  are 

made  in  diameters  from  %  inch 
to  4%  inches.  B-L  Copper  Sulphide  Junc¬ 
tions  ore  mode  from  ’/i  inch  to  1  %  inch. 

We  assemble  these  elements  into  stacks  of 
varying  sizes,  to  do  innumerable  po>ver- 
conversion  jobs.  Typical  applications  of 
B-L  Metallic  Rectifiers  range  all  the  v/ay 
from  tiny  stacks  for  sensitive  control  de¬ 
vices  to  huge  assemblies  for  giant  indus¬ 
trial  power  units. 


F 

I  THE  BENWOOD  lINZE  CO.*  ST.  lOUIS  3,  MO. 

I  . . . . . . . . . 


No  matter  what  rectifier  applications  you 
are  considering,  B-L  will  be  glad  to  work 
with  you.  Selenium  and  Copper  Sulphide 
Rectifiers  for  all  needs  are  available. 

Write  for  Bulletin  No.  98 
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JELLIFF  ALLOY  "C 

^edidtance  ^W)i 


ire 


....  to  tiny  H't  practically  in* 
vitiblo  totho  nakod  oyo  (.000t)l 
Yot,  eomittont  unifortnity  it  at* 
tainod.  Ev'ory  wiro  it  drawn  in 
our  own  plant;  ovory  tpool  ro* 
eohrot  micromotric  intpoction. 
JoMiff  Alloy  “C"  rotittanco  wiro 
it  truly  dopondablo,  dopond* 
ability  maintained  alwoyt  by 
tbo  earn  and  conttant  tupor* 
vition  of  Jolliff  onginoort 
throughout  ovory  oporotion. 


SKCIAUSTS 
IN 

FINE 

WRES 


SOUTHPORT. 


C.  0.  lELUFF  MFG.  CO. 


CONN. 


ican  and  foreign  carriers  involving 
policies  opposite  to  future  National 
policy;  (4)  questions  related  to 
the  disposal  of  several  billion  dol¬ 
lars  worth  of  public-owned  com¬ 
munications  equipment,  and  (5) 
the  opportunity  to  promote  future 
peace  by  expediting  the  interchange 
and  dissemination  of  information 
on  a  worldwide  scale. 

War  on  Spark  Plug 
Interference 

It  is  predicted  by  Delmar  G.  Roos, 
vice-president  in  charge  of  engi¬ 
neering  at  Willys-Overland  Motors, 
that  the  wartime  developments  used 
to  suppress  radio  interference  by 
military  vehicles  will  ultimately  ac¬ 
crue  to  the  benefit  of  the  public. 
Techniques  are  in  contemporary 
use  for  the  complete  elimination  of 
ignition  disturbances  on  a  mass  pro¬ 
duction  basis  without  impairment 
of  motor  performance. 

Benefits  possible  to  users  of  high- 
frequency  receivers — both  in  homes 
and  possibly  in  vehicles — suggest 
to  him  the  advisability  of  legisla¬ 
tion  which  would  require  noise  sup¬ 
pression  on  all  existing  cars  and 
trucks  as  well  as  those  being  pro¬ 
duced. 

London  News  Letter 

By  John  H.  Jupe 

<*•■7  London  Correspondent 

Television  and  frequency  prob¬ 
lems.  Quite  naturally,  the  radio 
industries  of  the  United  States 
and  Britain  are  considering  where 
they  stand  with  respect  to  tele¬ 
vision  in  the  post-war  world  and 
it  is  significant  that  several  com¬ 
mittees  have  been  set  up  to  handle 
the  problems  involved.  In  the 
United  States  the  Radio  Technical 
Planning  Board  will  presumably 
make  recommendations  regarding 
picture  standards,  while  over  here 
in  Britain  the  newly  formed  Gov¬ 
ernment  Television  Committee  will 
probably  do  the  same. 

Lord  Hankey  is  the  chairman 
and  he  is  a  man  well  fitted  for  such 
a  post,  having  presided  over  a 
Government  inquiry  into  the  en¬ 
ormously  difficult  subject  of  tech¬ 
nical  manpower.  Sir  Noel  Ash- 
bridge  (chief  engineer),  and  Mr. 
Hayley  represent  the  British 
Broadcasting  Corporation.  Sir  Ed¬ 
ward  Appleton,  one  of  radioloca- 


A  Complete 
Fungicide 
treatment 
for  Small  Parts... 


Wax  or  Varnish 

In  nccordunc*  with  governmnnt 
specifications,  we  can  render  a 
FUNGICIDE  treatment  along  with 
our  complete  moistureproofinq 
service.  Small  parts  are  thoroughly 
dehydrated  for  the  length  of  time 
needed  to  thoroughly  extract  mois- 
fure.  Parts  are  waxed  and  varnished 
according  to  specifications  and  all 
areas  are  thoroughly  coated.  Suffi¬ 
cient  time  is  allowed  to  thoroughly 
impregnate  all  materials  to  the  full 
extent  of  their  porocity.  All  surplus 
«vax  is  removed  by  this  operation 
leaving  all  machined  surfaces  and 
counter  bores  clean  and  smooth. 
All  smooth  surfaces  are  polished  to 
.a  dust-free  hard  finish. 


i 
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101  SERIES 


WITH  RACK  PANEL  OR  WALL 
MOUNTING  ACCESSORIES 


Input  impudonc*  600  ohms  and  bridping.  Coin 
600  ohm  input  61  db.,  bridging  input  46  db.  Fro* 
quoncy  rosponso  30  to  16,000  oithor  input — 

600  ohm  output  ^  .3  db.,  30  ohm  output  ^  1  db. 
Fowor  output — production  run  ovoro^o:  +  47^ 
V.U.  with  loss  than  3%  ItMS  harmonic  contont. 


TYPE  201-A  w..,, 

Mounting  Cobinot  pormits  univorsol  instolla- 
tion  of  101  Sorios  Ampliflors  to  any  flat  sur* 
fac*.  WuH  vontHatod  and  dosignod  for 
maximum  occossibility  for  sorvicing  and  con* 
vunioncu  of  Instollotion.  Stondord  oluminum 
gray  finish. 


TYPE  7* A  Modification 

Group  pormits-  101  Sorios  Ampliflors  to 
mount  on  stondord  19"  tolaphonu  roloy 
rocks.  Occupios  13V6*  rock  spoco.  Allows 
sorvicing  from  front  of  rock.  Standard 
aluminum  gray  finish. 


THE  TYPE  101  Series  Amplifiers  are  the  results  of 
twenty  years*  experience  in  the  sound  engineering  field. 
They  are  identical  with  the  exception  of  the  output  coil. 

Type  101 -A  has  output  impedance  adjustments  to  match 
loads  from  1  to  1000  ohms  and  possesses  excellent  low 
frequency  waveform  at  high  output  levels. 

Type  101-B  with  a  single  nominal  6  ohm  output  is  intended 
for  use  with  wide  range  loudspeakers  representing  an 
8  to  16  ohm  load.  Its  output  coil  with  a  single  secondary 
provides  improved  efficiency  and  even  better  waveform 
at  high  levels  of  low  frequencies. 

Type  101-C  answers  the  demand  for  a  good  amplifier  at 
lower  cost.  This  lower  cost  is  obtained  by  the  use  of  a 
less  expensive  output  coil  with  the  only  change  being 
that  the  low  frequency  waveform  is  not  as  good  as  the 
A  or  B  types  but  is  equal  to  or  better  than  any  contempo* 
rary  commercial  amplifier. Output  impedance  is  adjustable 
to  loads  of  1  to  1000  ohms. 


The  Langeviti  Companu 

INCORPORATED  A 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NEW  YORK 
37  W  65  SI.,  23 


SAN  FRANCISCO 
1050  Howard  Sf.,  3 


LOS  ANGELES 
1000  N  Seward  St  38 


SP  RELAYS 


COMPACT 


SHOCKPROOF 


OPERATE  IN  ANY  POSITION 


All  purpose  relays  for  use  in  communications,  radio,  aircraft 
and  other  equipment.  Base  and  stationary  contact  support 
molded  of  general  purpose  phenolic.  Resistant  to  corrosive 
action  of  salt  water  and  weathering  Designed  to  withstand 
shock  and  vibration,  AC  and  DC  types. 

WRITE  FOR  NEW  DESCRIPTIVE  CATALOG 


SWE 


tion’s  “parents”,  represents  the 
Departmeht  of  Scientific  and  In¬ 
dustrial  Research;  while  Professor 
Cockcroft,  an  expert  on  electronics 
and  atomic  structure,  speaks  on  be¬ 
half  of'  the  Ministry  of  Supply. 
Sir  Stanley  Angwin  (Pres.  lEE), 
and  Sir  Raymond  Birchall  are  sit¬ 
ting  on  behalf  of  the  British  Post 
Office  and  R.  P.  Harvey  speaks  for 
the  British  Treasury. 

The  whole  composition  of  this 
(Committee  shows  that  the  British 
Government  is  taking  the  question 
of  television  very  seriously  and,  al¬ 
though  he  is  not  a  member,  it  is 
interesting  to  note  that  the  British 
Broadcasting  Gdrp.  has  called  home 
from  its  North  American  office  Mr. 
G,  Cock,  who  the  Corporation’s 
Dirwtof  ot.  '£si^^4l^on  from  1935 
till  the ‘outbreak  of  war. 

'■  Industry  Committees  j;,* 

^^wo  other  television  cominittees 
have  also  been  formed  in  this  coun¬ 
try  with  the  support  of  the  Radio 
Manufacturers  Association  and  the 
Radio  Industry  Council.  The  first 
is  the  Television  Policy  CJommittee 
and  it  will  assist  the  Government 
Committee  by  offering  advice,  pro¬ 
viding  data,  etc.,  as  well  as  consid¬ 
ering  means  of  restarting  tele- 
!  vigigii.,  second  is  the  Television 
^Gq^nercial^DeveloTpmept  Commit- 
which  .will  confine  itself  to 
.problems  wi^ipthe  ra^io  industry 
and^  unify  activities  gener¬ 

ally.  j 

One  of  the  outstanding  problems 
which  the  main  bodies  in  America 
and  Britain  will  have  to  face  is  the 
allocation  of  frequencies.  In  the 
matter  of  interference  between  our 
two  countries,  some,  folk  may  say 
that  television  will  consist  of  local 
services  only,  bi^t  I  would  remind 
them  that  the  BBC's  pre-war  serv¬ 
ice  was  purely  local  and  yet  it  was 
<^e  **- received  South  Africa, 
^nce  teleVision‘’1fe  pre-eminently 
a  radio  servi^e^l^ch  cannot  toler- 

even  a  small  degree  of  interfer¬ 
ence,  we  shall  have  to  co-operate 
quite  a  lot  with  respect  to  fre¬ 
quencies. 

Radar 

We  can  be  sure  that  radar  will 
have  many  peacetime  uses  concern¬ 
ing  the  safety  of  aircraft  and  ship¬ 
ping.  Also,  the  frequencies  used 
will  be  those  which  might  be  used 
for  television.  The  best  radar  fre- 


ffincslon,  Indiana 


EISLER  ELECTRONIC  EQUIPMENT 


98%^^Aff  Aiiericaii  Raflio  Tnbe  Makers  Use  EISLER  Equipaent 

.  ;^OLASS  TUK  SLICEI.  STEM  MACHINES  SEALING  MACHINES 


SPOT  WELDERS 


We  manufacture  sereral  hun¬ 
dred  different  types  of  ma¬ 
chines  for  the  Electronics  in¬ 
dustries.  Also  a  complete  line 
of  special  transformers  and 
spot  welders  up  to  500  KVA. 

WRITE  FOR  COMPLETE  DETAILS 

CHAS.  EISLER 
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ALCO  has  been  awarded  for  the  fourth 
time  the  Army-Navy  "E"  Award  for  con¬ 
tinued  excellence  in  quantity  and  quali¬ 
ty  of  essential  production. 


STEATITE  CERAMIC  INSULATORS 

There  are  rnany  dancers  in  the  ballet  but  only  one  Premiere  Danseuse.  It's 
the  quality  of  performance  that  counts ...  the  exquisite  skill  and  precision 
that  is  acquired  only  through  long  years  of  training  and  experience. 

One  always  stands  out!  Among  insulators  it's  AlSiMaG. 

AiSiMaG  Steatite  Ceramic  Insulators  are  the  result  of  42  years  of 
Leadership  in  the  ceramic  field.  The  knowledge,  skill  and  precision  gained 
from  these  years  of  experience  is  your  assurance  of  the  quality  of  AlSiMag 
performance. 

A/i/IERICAN  LAVA  CORPORATION 

CHATTANOOGA  5,  TENNESSEE 

42nd  YEAR  OF  CERAMIC  LEAD*ERSHIP 


ELEC- 
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Get  Speedier  Deliveries  of 

SOUND  EQUIPMENT 

(PMblic  Mdrtst  and  lattrconias) 


Good  Sound  Equipment  is  tre¬ 
mendously  ▼aluable  in  war  in¬ 
dustries.  It’s  helping  win  the  war 
by  saving  time,  building  morale,  in¬ 
creasing  production. 

W-J  .  .  the  Industrial  Emergency 
Service  Distributor . .  recognizes  the 
vital  nature  of  Sound  Equipment. 
We  maintain  generous  stocks  in 
ample  variety,  llim  our  streamlined 
emergency  service  deliveries  are 
speedy  and  efficient  in  the  face  of 
wartime  scarcities. 

Hundreds  of  plants  depend  on  ns 
regularly  for  all  of  their  Radio  and 
Electronic  Supplies.  If  youVe  not 
acquainted  with  our  Emergency 
Service,  write  for  a  Reference  Book 
&  Buyer’s  Guide  or  send  along  an 
order,  today!  Let  our  skilled  elec¬ 
tronic  engineers,  technicians  and 
procurement  officers  help  yon  get 
what  yon  want  faster  than  yon  ever 
thought  possible  under  war  condi¬ 
tions.  _ 


JIG  FOR  OR  TUBES 


quencies  for  war  uses  are  kept 
secret,  but  we  know,  very  broadly, 
in  which  bands  they  lie  and  it 
would  certainly  cause  trouble  if 
New  York  television  programs 
were  ruined  because  a  British  liner 
was  entering  the  harbor  in  a  fog 
and  was  using  the  same  frequency 
for  a  radar  collision  detector.  Even 
on  centimeter  waves  we  may  meet 
trouble. 

Not  only  does  this  matter  con¬ 
cern  our  two  countries  but  all  the 
United  Nations,  and  even  our  ene¬ 
mies.  Once  the  German  nation  has 
been  cured  of  the  loathsome  politi¬ 
cal  disease  now  afflicting  it  we  can 
be  certain  of  some  good  radio  de¬ 
velopments  from  that  quarter. 

Again,  with  international  air 
links  a  certainty,  the  correct  allo¬ 
cation  of  ether  space  must  be  set¬ 
tled  early.  Without  adequate  radio 
support,  world  wide  air  services 
will  be  an  impossibility,  both  from 
the  point  of  view  of  safety  and  com¬ 
mercial  organization. 

So  it  at  once  becomes  clear  that 
the  question  of  waveband  allot¬ 
ment  must  not  be  dealt  with  in  a 
restricted  sense,  applying  to  tele¬ 
vision  only,  but  must  be  handled 
internationally  with  representation 
from  every  country. 

International  Convention 

The  logical  step  is  to  hold  a  Fre¬ 
quency  Allocation  Conference  be¬ 
tween  the  United  Nations,  as  soon 


KIRKLAND 

Pioneer 

INDICATING  LAMPS 


KIRKLAND 

'r  HEAVY  DUTY  UNITS 

standard  since  1931  on  many 
of  America’s  finest  products.  All 
featuring:  single  hole  mounting; 
easy  lamp  removal  from  the  front; 
screw  terminals  in  husky  sockets; 
longer  threaded  area  for  thicker 
panels;  and  most  important,  N«a- 
♦vre  lug_  to  prevent  the  unit  from 
turning  in  the  mounting  hole. 


#600  .  .  .  Molded  B  a  k  e  I  i  t  e 
socket  with  special  lamp  gripping 
features,  6/32  terminal  screws  and 
a  */4“  insulation  barrier;  high 
arched  lens  for  side  visibility;  cor. 
rect  interior  diameter^  to  control 
lamp  heat  and  to  permit  easy  lamp 
removal  without  tools.  Increased 
diameter  flange  for  positive  cov¬ 
erage  of  mounting  hole;  chromium 
plated;  Underwriters  Approval  for 
120  V.  (S6  type  bulb). 


#180  .  .  .  Molded  #600  type 
socket;  2"  glass  beehive  lens  in 
screw  mounted  chromium  cap;  for 
uses  requiring  long  distance  and 
brilliant  visibility  from  every 
angle;  admirably  suited  for  panels 
bearing  heavy  apparatus;  Under¬ 
writers  Approved  tor  120  V.  (S6 


#555  .  .  .  (N.A.F.  479«);  High 
arched  lens  in  chromium  plated 
screw  mounted  cap;  for  double¬ 
contact  candelabra  bayonet  bulb; 
Vt‘  diameter  mounting  hole.  List 
Price  $1.25. 

Write  for  New  Cotefegae 
Distributed  Notioeolly  by 
CRAYIAR  RLICTRIC 
COMPANY 


Glass  bulbs  for  cathodo-ray  tubos  ore 
rotated  in  this  Hg  at  a  constant  speed 
while  the  operator  moves  a  brush  con¬ 
taining  Aquadag  up  and  down  the 
vertical  axis  of  the  tube.  The  unit  is  in 
use  at  the  Dobbs  Ferry,  N.  Y.  plant  of 
North  American  Philips  Co.,  Inc. 


THE  H.  R.  KIRKLAND  CO. 

MORRISTOWN,  N.  J. 


WALKER-IIMIESON,  INC. 

311 S.  WESTERN  AVE.,CHICAGO  12.iLL 
Phone  CANal  2525 


STEEl.  PRODUCTS 


1  6  NORTH  MICHIGAN  AVINUf  •  CHICAGO  7,  ILLINOIS 

Specialists  In  Permanent  Magnets  Since  1910  ^ 


Copyright  iy44.  Thr  Indiana  Steel  I'roduets  Company 


VITAL  SOURCE  OF  SUPPLY 

Modern  facilities  .  .  .  specialized  engineering 
experience  .  .  .  highly  skilled  workmanship 
.  .  .  that's  what  it  takes  to  produce  quality 
permanent  magnets  in  quantity. 


Our  engineers  will  be  pleased  to  consult  with 
you  on  any  problem  you  may  have  involving 
permanent  magnets.  Write  us,  on  your  letter-  -- 
head,  lor  address  of  our  office  nearest  you  and 
a  copy  of  our  "Permanent  Magnet  Manned". 

Hmlp  Win  thn  War  in  '44  — Buy  War  Bonds! 
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WING-STYLE  —  one  of  several  types  of 
the  Boots  Nut  used  os  radio  fastenings 

VIBRATION.PROOF  Boots  AU-M^al,  Self- 
Locking  Nuts  assure  permanently  ti^t 
coBnections--^et  arc  easily  adjusted,  ot 
removed  foi^peated  use.  TTie  Boots 
prevents  resistance  caused  by  bad  contac 
Eliminates  yi^ation-caused  sound  dis 
tion.  Simplilie^^d  speeds  ^sembly  an 
maintenaoce.  Makes  lock  ivesbers''unnece6- 
sacy.  Saves  wei^t.  lanot  affected  |^y  heat. 
Resists  corrosioo.'*'^  •  '  .  " 


0«r  •■gineerini  Separlmenl  I*  al  jroi 
,  aervica  mm  aU  laaleoiDC  probleait. 


BOOTS 


Boots  Aircraft  Nut  Corporation 
Gsnorai  Officss  •  Now  Canaan,  Com. 


J 


marie  lAB  FURNACES 


T Amu ■1*11  G  For  laboratory  use  where  materials 
^  are  to  be  heated  in  an  oxidizing  at¬ 

mosphere  to  temperatures  from  1500°  to  2750°F.  Provides 
rapid  heating,  also  heating  in  special  atmospheres  not  injuri¬ 
ous  to  silicon  carbide.  Write  for  data. ' 


I  as  possible,  and  definitely  before 
the  war  ends;  at  which  the  whole 
radio  spectrum  could  be  reviewed 
and  television  correctly  placed. 
Technical  representatives  from  the 
occupied  countries  could  represent 
their  own  governments  and  enemy 

1  countries  could  be  represented 
either  by  friendly  aliens  or  could 
be  alloted  portions  of  the  wave¬ 
bands,  the  acceptance  of  which 
could  be  stipulated  as  part  of  the 
peace  terms. 

To  wait  until  the  end  of  the  war 
Will  inevitably  hold  back  television 
and  air  developments  because 
of  the  interference  difficulties  en¬ 
counter^- when  each  country  allots 
its  bands  separately.  The  spirit  of 
the  United  Nations  is  to  cooperate 
and  thejtime  to  cooperate  is  before 

and  not^’When  you  meet  trouble. 

i 

I  Electronic  Training 
For  Salesmen 

Manufacturers  are  urged  to  insure 
the  best  service  along  engineering 
and  technical  lines  for  their  indus¬ 
trial  consumers  by  providing  train¬ 
ing  for  the  selected  representatives 
of  the  wholesalers  who  will  dis- 
tributc3h®’,^?^53^te.  Th|sjsugges- 
t^n  was  part  of  the  report  made  by 
‘the  industrial  dectronics  commit- 
of  National  Electrical  Whole¬ 
salers  AssociMioh  at  their  36th  An¬ 
nual  Convention  in  Chicago  during 
-  April.  Special  attention  of  the 
wholesalers  was  directed  toward  the 
opportunities  of  high-frequency  in¬ 
duction  heating.  Another  feature 
of  the  session  was  the  release  of  in¬ 
formation  obtained  In  a  study  of 
1946  appliance-market  potentials 
and  announcement  that  the  infor¬ 
mation  was  being  published  in  book 
form  to  be  sold  by  the  association 
from  its  headquarters  at  SOO'Fifth 
Ave.,  New  York  18,  N.  Y.  Copies 
are  $1. 

Radio  Intelligence 
Activity  Reduction 

Because  of  a  million-dollar  cut  in 
the  appropriation  of  the  FCG  divi¬ 
sion  of  Radio  Intelligence  it  may  be 
necessary  to  curtail  or  eliminate 
the  emergency  service  ..\yhich  has 
furnished  540  bearings  for  planes 
in  distress  and  thus  aided  in  sav- 
,  ing  many  times  its  entire  $8-mil- 
lion  budget  in  material  alone.  Also, 
four  of  six  direction  finders  in  the 
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PROMPT  DELIVERIES 

V  PRECISION 

(ifinc-cvoMKet  RESISTORS! 


ELCO  wire- wound  PRECISION  RESISTORS  are  seeing  active 
duty  on  every  lighting  front.  Their  ability  to  stand  the  “gaff" — 
their  high  degree  of  accuracy — makes  them  a'  first  'with  the 
BIG  names  in  radio  and  instrument  manufacturing. 


Resistors  may  be  YOUR  bottleneck  in 
YOUR  production  schedule.  You  con 
break  this  bottleneck  by  specifying 
ELCO — the  resistors  that  are  meeting 
war-time  deadlines — only  because  they 
are  delivered  when  YOU  want  them 
os  YOU  want  them — 


PROMPTLY! 


SPECmCATIONS: 

"A-l"— 15/32  long  x  dia. —  Mountable  with 

6-32  flat  or  iilester  screw.  No.  21  tinned 
copper  wire  leads.  1  to  300.000  ohm 
value — V;7o  standard  accuracy — non  in¬ 
ductive  pie  wound-  -V:  watt.  30®  C.  tem¬ 
perature  rise  in  free  air — 100*  C.  maxi¬ 
mum  operating  temperature — 200  D.  C. 
maximum  operating  voltage.  Baked  var¬ 
nish  finish. 

"A-R"— Same  as  A-l,  with  leads  reversed. 

"B-1"—  15/16  long  x  dia. — Mountable  with 

6-32  flat  or  iilester  screw.  No.  21  tinned 
copper  wire  leads.  1  to  500.000  ohm 
value — '/:  7o  standard  accuracy — non  in¬ 
ductive  pie  wound — 1  watt.  30®  C.  tem¬ 
perature  rise  in  free  air — 100®  C.  maxi¬ 
mum  operating  temperature — 300  D.  C. 
maximum  operating  voltage.  Baked  var¬ 
nish  finish. 

“B-R"—  Same  as  B-1,  with  leads  reversed. 

"T"— 1-1/32  long  x  7/16"  dia. — Inductively 
wound — V»  X  .015  strap  terminals— 35  to 
35,000  ohms — 2  watts.  100°  C.  maximum 
operating  temperature — normal  accuracy 
Ito.  Baked  varnish  finish. 

"M" — 1-13/32  long  x  V*"  dia. — Mountable  with 
6-32  screw — */h  x  .015  thick  strop  terminals 
— non  inductive  wound — 1  meg  ohm  max¬ 
imum  resistance — 600  volts  maximum  op¬ 
erating  voltage — 100®  C.  maximum  oper¬ 
ating  temperature — 1.5  watts — 17o  normal 
accuracy.  Baked  varnish  finish. 

"G"— 15/32  long  x  lA"  dia. — Mountable  with  . 
6-32  flat  or  Iilester  head  screw.  No.  21 
tinned  copper  wire  leads.  1  to  500.000 
ohm  value.  standard  accuracy — 

non  inductive  pie  wound  .8  watts.  30® 
temperature  risa.in  free  air.  100,®  C.  max¬ 
imum  operating  temperature.  2100  D.  C. 
maximum  operating  voltage.  .Baked  vai- 

ISni«K 


114  West  18th  Street,  New  York,  N.  Y. 


Telephone  -  Watkins  9-4774-5 
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AIRCRAFT  &  DIESEL 
EQUIPMENT  CORPORATION 


ayenswi 


venue 


CHICAGO  40.  ILLINOIS 


Hawaiian  Islands  will  have  to  be 
closed  and  the  East  and  West  Coast 
direction  finder  networks  reduced 
from  their  previous  24-hour  service. 

These  facts  were  related  recently 
in  testimony  by  George  E.  Sterling, 
RID  chief,  before  a  House  commit¬ 
tee.  He  characterized  such  emer¬ 
gency  activities  as  an  important  by¬ 
product  of  basic  operations  con¬ 
cerned  with  location  of  interfer¬ 
ence  which  had  been  hampering 
vital  war  communications. 


a  really  high-powered 


Receivers  Back  in 
Westinghouse  Line 

Production  of  home  radio  re¬ 
ceivers,  discontinued  in  1928,  will 
be  reinstated  at  Westinghouse  when 
the  war  is  over.  As  soon  after  that 
as  possible,  television  receivers  will 
be  added.  Facilities  currently  in 
radio  production  there  total  51 
times  the  prewar  activity  and  the 
company  suggests  that  such  addi¬ 
tional  capacity  will  be  needed  after 
the  war  as  a  result  of  the  long  per¬ 
iod  of  depreciation  and  obsoles¬ 
cence  which  will  have  intervened 
since  civilian  radio  production  was 
halted.  Specifically,  the  types 
planned  include  both  AM  and  FM 
as  well  as  phonograph  combina¬ 
tions. 


Notez 

TIm  library  camorlMa 
a  taiaction  of  bookt 
c  M  M  a  d  from  laadlof 
McGraw  •  Hill  publica¬ 
tion*  In  Hia  radio 
fiald. 


A  DEPENDABLE 


SOURCE  FOR  POST 


WAR  PRECISION 


Theaa  books  cover  clroolt  phanomana.  tnba 
theory,  natworka,  maosaramenta,  and  other 
aubjecto— viva  apeclallsad  traatmanta  of  all 
flelda  of  practical  dealyn  ana  application.  They 
are  books  of  racoyntsad  poaltlon  In  the  litera¬ 
ture— books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  dealvnar.  re¬ 
searcher  or  enirlneer  in  any  field  baaed  on  radio, 
you  want  theae  booka  for  the  help  they  filve  la 
hundreda  of  problema  throughout  the  whole 
field  of  radio  engineering. 

5  voluies,  3559  piges,  2558  illustritions 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI- 
NEERING,  2nd  edition 
Hand’s  HIGH  FREQUENCY  MEASURE- 
MENTS 

Henney’s  RADIO  ENGINEERING  HANI> 
BOOK,  3rd  e^tion 

SPECIAL  LOW  PRICE  •  EASY  TERMS 

fipealal  prioo  onder  thla  effer  lean  than  eoal 
of  booka  bought  aaparately.  la  addition,  you 
have  the  privilege  ef  paying  In  easy  Install- 
meats  beginning  with  thtfi  la  1#  days  after 
racelpt  of  booka  and  IS.SO  monthly  thereafter. 
▲Iraady  theaa  books  are  reeegnlaed  as  staadard 
works  that  you  are  bound  to  require  aeoaer  or 
later.  Take  advantage  of  theae  eonvealeat 
terms  to  add  them  to  year  library  now. 


PARTS 


Electronic  Standardization 
Saves  Money 

Results  from  the  recent  stand¬ 
ardization  program  covering  radio 
tubes  for  Army,  Navy,  and  Cana¬ 
dian  armed  services  show  impor¬ 
tant  savings  of  manpower,  money, 
and  time.  The  Office  of  the  Chief 
Signal  Officer  reveals  that  benefits 
include  interchangeability,  simpli¬ 
fication  of  inspection,  and  use  of 
common  stockpiles. 

Tube  quality  is  improved  too  be¬ 
cause  the  manufacturer  is  freed 
from  the  necessity  of  making  separ¬ 
ate  runs  on  the  same  basic  tube 
with  slightly  different  tolerances. 
In  the  field,  the  advantages  of  in¬ 
terchangeability  on  emergency  re¬ 
placement  are  notably  apparent. 


K  your  post-war  plans  call 
for  precision  parts  and  as¬ 
semblies.  it  will  pay  you 
to  consult  the  Adeco  or¬ 
ganization.  These  special¬ 
ists  in  precision  offer  you 
the  experience  and  facili¬ 
ties  for  all  types  of  close- 
tolerance  production  on  a 
contract  basis  .  .  .  provide 
a  dependable  source  of 
supply  for  your  most  ex¬ 
acting  requirements. 


N«w  illw*trutu4  buuklut  tullt 
Hm  complutu  Adtm  •tury. 
Writ*  fur  fruu  copy  today. 


FOR  IS  DATS  EXAMINATION  SEND  THIS 

I— — — ON-APFROVAL  COUPON— —• 

■•finw.HHI  SOik  Co..  SN  W.  «  fit,  N.Y.C.  Ifi  I 
Raod  CM  lUdlo  Ihn1ii*w1n  Ubraiy  for  It  d«f^  I 


War  Memorial 
Scholarship  Awarded 

The  memory  of  more  than  5000 
Westinghouse  employees  who  served 
in  World  War  I  is  perpetuated  by 
four  annual  scholarships  which  go 


Cltr  aad  8UU. 


Company 


MANUFAl 

GENEkAT 
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I'lie  fine  perforiiiaiire  <»f  our  lesl- 
iiij;  iiislrimieiits  lias  iiier<*ase(l  ihe 
(leiiiaiul  f<n\  ami  the*  prestige  of 
the  WCV  line.  Onr  Catalog;  No.  I  2« 
sho\>s  these  instrninents,  whi<*h 
eonforin  Kith  (Government  speei- 
fieations,  or  are  re«‘oj:ni/e<l  as 
‘Stamlarir'.  Special  nioileU  ina> 
he  iliseiissetl  ^ith  onr  enjiineerin*; 
<lepartnient. 


■  ANSIft  D.C.  Vacuum-Tube  Voltmeter — Direct  Reading  • 
Seniitivity;  IM  megohms  (high  ranges),  16  megohms  (low 
ranges)  •  Six  Ranges:  0-6-30- 1 SO-600- 1 500-6000  Volts  •  Voltmeter 
readings  can  be  taken  without  affecting  circuit  constants  • 
A.C.  Vacuum-Tube  Voltmeter — Direct  Reading  •  Input  capacity 
0.00005  mfd.  at  terminals  of  instrument  •  Input  resistance:  160 
megohms  (high  ranges),  16  megohms  (low  ranges).  •  Seven 
Ranges:  0-3-6-30-150-600-1500-6000  Volts  •  Measures  signal  and 
output  voltages,  etc.  •  Vacuum-Tube  Ohmmeter — Direct  Read¬ 
ing  •  From  0.1  ohm  to  1,000  megohms  •  Seven  Ranges:  0-1,000- 
10,000-100,000  ohms;  1-10-100-1,000  megohms  •  Vacuum-Tube 
Capocitymeter  —  Direct  Reading  •  Accurate  measurements 
from  0.00005  to  2,000  mfd.  •  Seven  Ranges:  0-0.002-0.02-0.2-2- 
20-200-2,000  mfd.  •  No  danger  of  shock  on  low  capacity 
measurements.  No  test  leads  to  short  •  No  resetting  when 
changing  ranges. 


Electronic  Voltmeter  Ohmmeter  Capocitymeter  MODEL  663A 


A  vacuum-tube  instrument  combining  sensitivity,  flexi¬ 
bility  and  utility,  is  used  extensively  by  the  Navy.  Model 
663A  cannot  be  damaged  by  measuring  resistance  when 
resistors  are  “live”;  or  by  using  a  low  range  on  high 
voltage  readings;  matched-pair  multiplier  resistors  are 
accurate  within  1% ;  errors  due  to  voltage  fluctuation  are 
eliminated  by  use  of  VR105-30  tube  and  associated  cir¬ 
cuits;  there  is  no  danger  of  shock  on  high  resistance 


measurements. 

Model  663 A,  complete,  for  operation  on  IW-volt,  ^  CT  ^ 

60  cycle  A.C.,  com . . . 

on  210-270  volt,  50-60  cycle- . $59J50;  on  25-cycle - J$63S0. 

Full  details  in  Catalog  128  will  be  sent  promptly  on  request. 


RADIO  CITY  PRODUCTS  COMPANY,  INC 


127  WEST  26th  STREET 


NEW  YORK  CITY  l,N.  Y. 


/MANUFACTURERS  OF  PRECISION  ELECTRONIC  ll/MIT  BRIDGES  -  VACUU/M  TUBE  VOLTMETERS  -  VOLT -OHM- Ml LLI AMMETERS  -  SIGNAL 
GENERATORS  -  ANALYZER  UNITS  -  TUBE  TESTERS  -  MULTI-TESTIRS  -  OSCILLOSCOPES  -  AND  SPECIAL  INSTRUMENTS  BUILT  TO  SPECIFICATIONS 
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CARTER 

The  Invisible  Member  of  the  Crew 


Carter  Mogmotor,  the  unUfue  and  only  Dynomotot  with  Permanent  Magnet 
*  fields,  has  set  new  performance  records  for  stomino,  efficiency,  light  weight, 
ond  reliability.  The  100  watt  outpe*  .iiodels  weigh  only  4I-4  lbs., nearly  hell  the 
weight  of  other  o''.»lrury  ..onv^r.iinool  type  Dynomotors  of  equal  output. 

■Wlth-ut  questi'in  it  is  the  finest  P/ncmot»r  for  Aircraft  receiver  ord  small  trans¬ 
mitter  requirements,  os  well  as  numerous  other  applications. 

The  latest  cotoiogue  containing  Megmotors,  Genemotors,  Converters,  Dynomotors, 
and  Permanent  Magnet  Hand  Generators  will  be  sent  upon  request. 


D 


CLOSING  NOW 


Londensed — for  your  and  your  ettitomers’ 
purchasing  needs.  Elastic — for  your  ad¬ 
vertising.  For  book  price  and  space  rates, 
write  Dept.  G.  • 


A  DIRECTORY  OF  AMERICAN  INDUSTRY 
18  E.  HURON  STREET  •  CHICA80 
oiFiCiS  la  raiacirai  emit 


to  young  emt^oyees  and  sons  of  em¬ 
ployees.  This  year  they  have  been 
given  to  Charles  C.  Brinton  Jr,, 
Edgewood,  Pa.;  Robert  I.  Hayford, 
Wilkinsburg,  Pa.;  Robert  Louis 
Sauer,  Sharon,  Pa.;  and  Richard 
Lewis  Hart,  Aldan,  Pa. 

Awarded  on  the  basis  of  cewnpeti- 
tive  examinations,  the  scholarships 
are  valued  at  $2000  each.  They  Will 
be  held  aside  for  those  winners  who 
.  enter  the  armed  services.  Choices 
of  study  among  the  four  entail,  re¬ 
spectively,  physics,  electrical  engi¬ 
neering,  metallurgical  engineering, 
and  mechanical  engineering. 

Experimental  Airport 
Stations 

Temporary  licenses  have  been  is¬ 
sued  by  FCC  through  Aeronautical 
Radio  Inc.  for  experimental  airline 
communication  in  the  VHF  (30,000 
to  300,000  kc)  band.  Aeronautical 
Radio  is  the  non-profit  organ¬ 
ization  which  handles  the  com¬ 
munications  activities  of  all  U.  S. 
commercial  carriers,  of  some  inter;- 
national  lines,  and  of  unscheduled 
airplane  operators  by  contract. 

First  of  the  companies  in  the 
band  is  Pennsylvania  Central  Air¬ 
lines  operating  under  a  six-month 
license.  Upon  certification  of  suc¬ 
cessful  results,  a  renewal  can  be  re¬ 
quested.  Although  results  have 
been  good,  complete  conversion  to 
these  frequencies  must  wait  until 
after  the  war  because  of  restric¬ 
tions  on  equipment  required. 

Radio  Business  News 

General  Electric  Co.  has,  among 
other  postwar  plans,  a  scheme  by 
which  television  transmitters  can 
be  reserved  now  for  as-when  deliv¬ 
ery.  Forty -kw  stations  have  al¬ 
ready  been  ordered  by  the  New 
'York  Daily  News  and  the  Chicago 
Tribune. 

'  National  Electrical  Manufac¬ 
turers  Association  has  formed  an 
aircraft  electrical  council  to  ex- 
;  pedite  the  flow  of  information  be¬ 
tween  equipment  manufacturers 
and  representatives  of  the  Armed- 
Forces  and  aircraft  companies  in¬ 
terested  in  electrical  components. 

Columbia  University  has  estab¬ 
lished  a  center  for  the  study  of 
j  high-frequency  induction  heating, 
i  Located  in  Havemeyer  Hall,  the 
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HOW  TO  ISE 
COOLOHTS  WITH  PLAX 


If  the  temperature  of  polystyrene  is  not  raised 
above  ()0®C  (140®F)  during  machining  opera¬ 
tions,  no  difficulties  will  be  encountered. 

Gumming,  surface  disfigurations,  and  crazing 
(surface  cracking)  occur  when  heat  generated  by 
drilling  or  cutting  exceeds  this  temperature. 
Crazing  will  occur  even  before  gumming,  and  it 
may  appear  immediately,  or  a  week  after  machin¬ 
ing. 

It  is  almost  impossible  to  measure  the  surface 
temperature  rise  of  plastics,  because  heat  is 
generated  for  a  very  short  time  at  a  usually  very 
small  point  of  cutting.  Polystyrene’s  splendid 
electrical  insulation  properties  are  accompanied 
by  exceptional  heat  insulation  qualities,  which 
prevent  this  plastic  from  quickly  giving  up  its 
heat. 

Overheating  can  be  prevented  by  (1.)  elimina¬ 
tion  of  excessive  friction  and  provision  of  ade¬ 
quate  chip  clearance,  and  (2.)  use  of  a  proper 
coolant.  Kerosene  or  other  ordinary  cutting  oils 
will  damage  polystyrene. 

Laboratory  study  at  Plax  has  shown  that  a 
water  soluble  coolant  that  will  wet  both  poly¬ 
styrene  and  metal  gives  the  best  cooling  action. 
(.•\nd,  incidentally,  eliminates  change-overs  when 
the  same  machine  is  used  for  both  plastics 
and  metals.) 

Most  coolants  in  this  category  are  injurious  to 
polystyrene  but  several  that  are  completely 
neutral  to  the  plastic  are  available  at  low  cost. 
Two  of  these  are  Shell  Oil  Company’s  V'ergo 
Oil  38-P  and  Stanco’s  Solvac  100-M  Special. 
One  of  these,  or  a  coolant  equal  in  iH'rformance, 
should  always  be  used  in  all  sawing  and  drilling 
and  in  some  turning  and  milling  operations. 

When  the  above-mentioned  {joints  about 
machining  polystyrene  are  recognizetl  and  pro¬ 
vided  for,  intricate  parts  can  be  produced  with¬ 
out  trouble  due  to  overheating. 


PLAX  POLYSTYRENE  IS  SUPPLIED  in  sheets,  rods 
and  tubes.  It  is  also  available  in  the  famous  PolyRex* 
Sheet  and  PolyRex**  Fiber,  tough  and  Rexible  extruded 
forms  with  wide  insulation  application.  Machined 
parts  such  os  those  shown  above  (in  actual  sizes)  are 
produced  by  Plax,  to  your  specifications.  Plax  also 
supplies  a  polystyrene  cement. 

Other  Plax  wartime  production  includes  various 
forms  of  cellulose  acetate,  cellulose  acetate  butyrate, 
ethyl  cellulose,  methacrylate,  and  styramic. 

Write  for  bulletin  on  'Tabricating  Polystyrene,’* 
containing  full  details  of  polystyrene's  properties. 


•Trad*  Mark  Rag.  U.  S.  Pot.  Off. 
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laboratory  will  be  operated  by  en¬ 
gineers  from  both  the  University 
and  Induction  Heating  Corp.,  New 
York,  N.  Y. 

Hoffman  Radio  Corp.,  Los  An¬ 
geles,  Calif.,  has  purchased  a  cabi¬ 
net  plant  in  Los  Angeles  contain¬ 
ing  facilities  for  the  fashioning  of 
special  designs  with  a  specifically 
Western  motif. 

Allen-Bradley  Co.,  Milwaukee, 
Wis.,  has  moved  its  Cleveland  office 
to  4506  Prospect  Road,  Cleveland  3, 
Ohio. 

American  Radio  Relay  League 
president  George  W.  Bailey  sent 
transcribed  greetings  in  the  name 
of  American  hams  to  their  opposite 
numbers  in  China,  celebrating 
China  Amateur  Radio  Day  on  May 
5.  Unlike  US  operators,  Chinese 
amateurs  have  been  on  the  air 
throughout  the  war,  supplying,  in 
many  cases,  the  only  means  of  com¬ 
munication  between  widespread 
parts  of  the  country. 

Electromatic  Manufacturing 
Corp.  is  the  new  name  for  Elec¬ 
tromatic  Distributors  Inc.,  New 
York,  N.  Y.  The  company  has  been 
making  radios  for  a  number  of 
years. 

Western  Electric  Co.  has  taken 
possession  of  a  Defense  Plant  Corp. 
factory  in  Scranton,  Pa,,  formerly 
engaged  in  piston  ring  manufac¬ 
ture, 

Allen  B.  Du  Mont  Laboratories 
has  been  granted  a  commercial  li¬ 
cense  for  the  television  transmit¬ 
ter  W2XWV.  New  call  letters,  de¬ 
rived  from  the  initials  of  the  owner, 
will  be  WABD. 

Fixed  and  Variable  Resistor  In¬ 
dustry  increased  its  production 
during  April  by  more  than  20  per¬ 
cent  over  the  averages  for  Febru¬ 
ary  and  March  with  backlogs  of  un¬ 
filled  orders  on  a  level  for  the  three 
months.  Expanded  facilities  are  ex¬ 
pected  to  be  in  operation  during 
July. 

D.  E.  Replogle  &  Co.  has  opened 
a  New  York  office  at  1819  Broad¬ 
way  for  consulting  engineering  on 
electronics  for  transmitting  and 
other  radio  activities. 

Electronic  Corp.  of  America  and 
its  workers  were  commended  by  a 
special  award  from  the  Blood  Donor 


ELECTRIC 

SOLDERING 

IRONS 


are  sturdily  built  for 
the  hard  usage  of  in¬ 
dustrial  service.  Have 
plug  type  tips  and  are 
constructed  on  the  unit 
system  with  each  vital 
part,  such  as  heating 
element,  easily  remov¬ 
able  and  replaceable, 
in  5  sizes,  from  50 
watts  to  550  watts. 


TEMPERATURE 

REGULATING 

STAND 


The  tributes  paid  to  "Black  Seal" 
discs  by  many  leading  engineers 
have  been  earned  by  distin¬ 
guished  service  on  the  turntable. 
Your  ears  will  recognize  the  dif¬ 
ference  in  quality  of  reproduc¬ 
tion.  and  the  longer  play-back 
life  will  prove  the  superiority  of 
"Black  Seal"  construction.  Choice 
of  two  weights  —  thin,  flexible, 
interchangeable  with  aluminum, 
or  medium  weight  —  both  with 
four  holes. 

An  AA-2X  rating  is  automatically 
available  to  broadcasting  sta¬ 
tions,  recording  studios  and 
schools.  Enclosure  of  your  prior, 
ity  rating  will  facilitate  delivery 
Old  AlttoiiauBi  Blcmks  R*ceai*d  with 
"Blade  Baal"  Femula  ea  Short  Motico 


This  is  a  thermostatically  con¬ 
trolled  device  for  the  reg¬ 
ulation  of  the  temperature 
of  an  electric  soldering  iron. 
When  placed  on  and  con¬ 
nected  to  this  stand,  iron 
may  be  maintained  at  work¬ 
ing  temperature  or  through 
adjustment  on  bottom  of 
stand  at  low  or  warm 
temperatures. 


For  further  Information  or 
descrqptfve  I  Aeratum^  writ* 
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These  soft  iron  pole  pietes 
tell  the  story— 

"PXPERIENCE  is  a  much  used,  and  too  often  abused,  word.  Yet  in 
^  any  field  experience  is  the  only  source  of  practical  knowledge  — 
the  only  sound  basis  for  further  advance. 

Measured  in  terms  of  time  alone,  the  experience  of  the  Simpson 
organization  is  impressive  enough.  For  more  than  30  years  this 
name  has  been  associated  with  the  design  and  manufacture  of  elec¬ 
trical  instruments  and  testing  equipment.  But  the  real  value  of  this 
experience  is  to  be  found  in  the  many  fundamental  contributions 
Simpson  has  made  to  instrument  quality. 

The  use  of  soft  iron  pole  pieces  in  the  patented  Simpson  move¬ 
ment  serves  as  an  example.  An  admittedly  finer  type  of  design,  these 
soft  iron  pole  pieces  have  been  employed  by  Simpson  to  provide 
maximum  strength  as  well  as  accuracy,  and  to  achieve  a  simpler 
assembly  that  permits  faster,  more  economical  manufacture. 

For  today’s  vital  needs,  this  experience  enables  Simpson  to  build 
"instruments  that  stay  accurate”  in  greater  volume  than  ever  before. 
For  your  postwar  requirements  it  will  insure  the  correct  interpreta- 


SOFT  IRON  POLE 
PIECES  THE  SIMPSON 
WAY ... . 

Gr*at*r  Accuracy  —  Soft 
iron  pole  pieces  redistribute 
magnetic  flux  evenly.  Simp¬ 
son  Instruments  provide  ac¬ 
curate  readings  throughout 
an  arc  of  100°. 

Graotor  Stran^th  —  Pole 
pieces  are  used  to  anchor 
full  bridges  across  top  and 
bottom  of  movement.  Mov¬ 
ing  assembly  is  locked  in 
permanent  alignment. 

Smooth  Wallod  Air  Gap 

No  cracks  or  irregularities 
to  invite  dust  or  other  for¬ 
eign  particles,  which  might 
interfere  with  movement  of 
armature.  Reamed  to  ac¬ 
curate  dimensions  after  as¬ 
sembly. 


■ 

P 

s| 

Spood  and  iconomy— Pole 
pieces  are  stamped,  not 
machined.  This  is  one  of 
many  ways  Simpson  has 
speeded  construction,  and 
lowered  costs,  of  this  basi¬ 
cally  better  movement. 


Buy  War  Bonds  and  W  Stamps  for  Victory 
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FINE  COMMUNICATIONS  EQUIPMENT 


JOHN  C.  DOLPH  COMPANY 


Div.  of  the  American  Red  Cross  for 
their  respective  efforts  in  blood  giv¬ 
ing.  Employees  go  to  the  blood 
bank  in  groups  on  management’s 
time  when  the  general  rush  is  off. 

Purdue  University  is  training 
girl  high-school  graduates  as  engi¬ 
neering  drafting  aides.  Students 
are  selected  by  RCA  Victor  work¬ 
ing  with  United  States  Employment 
Service.  On  completion  of  their 
training  they  enter  RCA  plants  as 
apprentice  detailers. 

Continental  Can  Co.  has  formed 
a  plastics  division  to  make  Marco- 
Board,  a  thermosetting,  contact 
laminate,  fabricated  from  a  new- 
type  synthetic  resin.  In  this  divi¬ 
sion  will  be  the  newly  acquired  fa¬ 
cilities  of  the  Reynolds  Molded 
Plastics  Div.  of  Reynolds  Spring 
Co.,  Cambridge,  Ohio. 

Emerson  Radio  &  Phonograph 
CoRP.,  announces  that  one  of  its 
$24.95  (prewar)  personal  radios 
has  been  auctioned  off  at  a  Flag 
,  Day  ceremony  for  sailors  in  Eng¬ 
land  at  the  possibly  record  figure  of 
$2200.  Auctioneers  were  stage  and 
screen  stars. 


AS  MOISTUREPROOF  SEALERS 


Where  it  is  essential  to  obtain 
moistureproofness  on  metal  parts, 
porcelain,  Bakelite  and  also  on 
coil  windings,  etc.,  of  electrical  de¬ 
vices,  specify  DOLPH'S  Insulating 
Enamels.  These  insulators  are  the 
air  drying  type  and  will  provide 
extremely  high  resistance  to  mois 
ture,  alkali  and  acid.  The  drying 
con  be  facilitated  and  resistive 
properties  increased  by  subjecting 
treated  units  to  a  short  bake  at  a 
low  temperature.  ; 

SYNTHITE  Insulators  are  avail¬ 
able  in  clear,  black,  red  and  ma¬ 
roon  formulations  to  meet  various 
requirements.  They  are  easy  to 
apply  by  brushing,  spraying  and 
dipping  and  provide  a  glossy, 
tough  film  which  has  excellent  ad¬ 
hesion  to  clean  surfaces.  Write 
for  folder  on  SYNTHITE  Insulating 
Enamels.  The  DOLPH  Laborato¬ 
ries  are  available  to  handle  your 
problems  involving  moistureproof¬ 
ing  of  electrical  devices.  This  serv¬ 
ice  is  rendered  without  obligation. 
Why  not  take  advantage  of  this 
service  today? 


Office  of  Price  Administration 
has  changed  the  pricing  order  set¬ 
ting  manufacturer’s  ceiling  prices 
for  new  radios  and  phonographs  so 
that  wholesale  and  retail  prices  can 
be  set  under  the  same  orders  which 
establish  the  makers’  prices. 

Chicago  Area  Radio  Club  Coun¬ 
cil  staged  what  they  called  a  “Ham- 
boree’  to  emphasize  the  important 
part  in  the  war  being  played  by 
hams.  Speakers  included  Com¬ 
mander  James  E.  Parrott,  USNR, 
communications  officer  of  the  Ninth 
Naval  District;  Cyrus  T.  Read,  as¬ 
sistant  secretary  of  ARRL;  and 
Clifton  Byrne,  acting  regional  rep¬ 
resentative  of  the  War  Shipping 
Administration. 


Yes,  tomorrow's  R.M.E.  radio 
equipment  is  in  blueprint  stage. 
Surprises  are  in  store  for  you. 
We've  made  fast  forward  steps 
because  of  the  demands  of  war  on 
our  equipment.  New  design,  better 
performance,  same  strict  adherence 
to  "extra  values".  Stand  by  for 
R.M.E.  Radio  Equipment. 


War  Manpower  Commission  is 
giving  vocational  training  courses 
to  935  veterans  of  this  war  .  .  . 
mostly  in  radio,  machine  operation, 
welding,  and  aircraft  subjects.  The 
majority  are  already  in  active  pro¬ 
duction  jobs  but  take  the  training 
as  a  supplement.  Administration  of 
the  program  in  most  states  is  han¬ 
dled  by  the  US  Office  of  Education 
in  cooperation  with  state  and  local 
education  boards. 
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OSTER  MOTOR 

you  are  assured  of  dependable  performance 
in  4  different 


ways 


When  you  specify  Oster  Fractional  Horsepower  Motors,  you  know 
that  you  are  dealing  with  a  seasoned,  dependable  source — experienced 
for  15  years  in  building  motors  for  Oster  peacetime  appliances  which 
enjoy  a  world-wide  reputation. 

Illustrated  below  is  Type  C-2B-1A,  1/100  H.P.  model  in  current 
production;  developed  for  aircraft  use  and  adaptable  to  blower  appli¬ 
cations.  It’s  equipped  with  ball-bearings  and  built  in  an  aluminum 
die-cast  housing;  6,  12,  24,  or  115  volts  D.C.  115  volts  A.C. 

You  can  depend  on  Oster  Motors  to  deliver  creditable  results  that 
add  to  your  own  reputation  for  selecting  sources  wisely.  Let  us  help 
you  fit  this  or  other  Oster  motors  to  your  requirements.  Write  for  details. 

M-16 

John  Oster  Mfg.  Co.  of  Illinois 


Sound,  conservative 
engineering 

Established  precision 
standards 

Trained  production 
staff 


15-year  performance 
record 


Department  L-16 


Genoa.  Illinois 
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u  go  to  OIALCO"  :  .  .  That's  tho  buying-slogan  for  Pilot  tights  in 
tho  country's  loading  manufacturing  plants.  Comprising  over  300  typos 
of  units,  tho  Dialco  lino  covors  all  applications  in  Aircraft,  Marino, 
Eloctronic,  Eloctrical,  and  Industrial  Apparatus.  Noto  ospocially  tho  now 
Approvod  Vari-dim  units  (Nos.  AAF42B3593  and  AC40A7419-1I. 

Plus  LAMPS:  To  spood  production,  wo  can  supply  any  Pilot  Light  com- 
plotoly  assombicd  with  G.E.  or  Wostinghousr  Lomps.  Sond  us  your  prob- 
lom  for  immodioto  solution  .  .  .  Writo  for  24-page  Catalog  ond  bulletins. 

DIRLLIGHTCO. 


900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  ALgonquln  4-5180-1-2-3 


PLASTIC  PARTS 

large  or  small  quantities.  Produced  to  your  specifi 
cations.  Precision  mochining,  stamping  and  forming 
all  plastics.  No  molds  required.  Send  your  blueprint, 
or  write  for  bulletin. 
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Personnel 

William  H.  Newbold,  assistant 
director  of  research  for  Philco 
Corp.,  died  recently  in  St.  Luke’s 
and  Children’s  Medical  Center, 
Philadelphia,  Pa. 

H.  H.  Rogge,  manager  of  the 
Washington  Government  Office  for 
Westinghouse  Electric  &  Mfg.  Co., 
has  advanced  to  vice-president. 

Raymond  C.  Bierman  has  be¬ 
come  chief  engineer  at  Permoflux 
Corp.,  Chicago,  Ill.  He  had  been 
studio  field  engineer  with  NBC. 

John  H.  Ashbaugh,  newly  ap¬ 
pointed  vice-president  of  Westing- 
house  Electric  &  Mfg.  Co.,  con¬ 
tinues  as  manager  of  the  electric 
appliance  division,  Mansfield, 
Ohio. 

Stuart  Ballantine,  president  of 
Ballantine  Laboratories,  Boonton, 
N.  J.,  and  prominent  radio  engi¬ 
neer,  died  after  a  two-day  illness, 
in  Morristown,  N.  J.  The  throat 


microphone,  currently  in  aviation 
use,  is  one  of  his  many  inventions. 
His  professional  radio  career 
dates  from  1913  when  he  became 
operator  for  the  Marconi  Com¬ 
pany. 

Eugene  M.  Keillor  has  been  ap¬ 
pointed  head  of  the  design  depart¬ 
ment  of  Peerless  Electrical  Prod¬ 
ucts  Co.,  Los  Angeles,  Calif.  He 
was  previously  a  design  engineer 
at  the  Muskegon  plant  of  Ana¬ 
conda  Wire  &  Cable  Co. 

R  L.  Irvin  has  advanced  from 
industrial  manager  of  the  North¬ 
western  district  to  application 
manager  of  the  small  motor  divi¬ 
sion  within  Westinghouse  Electric 
&  Mfg.  Co.,  Lima,  Ohio. 

Dr.  George  R.  Town  has  become 
manager  of  research  and  engineer¬ 
ing  at  Stromberg-Carlson  Co.  He 
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History  of  Communications  Number  Five  of  a  Series 


NIGHT  COMMUNICATIONS  ON  THE  HIGH  SEAS 


In  those  early  days  when  our  Navy  was  first  organized  night  communica¬ 
tion  was  made  by  lantern  from  the  masthead.  This  was  the  only  com¬ 
munication  between  ships  at  sea  during  through  which  many  times  news 
from  home  was  transmitted. 

Today,  through  the  use  of  Universal  Microphones  and  voice  communica¬ 
tion  components,  vital  communications  of  War  are  speedily  transmitted 
equally  as  well  from  small  sea-craft  and  battle  cruiser  to  home  port. 

Many  new  types  of  Universal  microphones  shall  be  developed  from  the 
experience  obtained  from  the  production  of  military  units,  for  the  private 
citizens  in  the  marine  pleasure-craft  in  the  days  after  Victory  is  ours. 

K.  Model  T-30-S,  illustrated  at  left,  is  but  one 
of  several  military  type  microphones  now  avail- 
able  to  priority  users  through  local  radio  jobbers. 

UNIVERSAL  MICROPHONE  COMPANy6^ 

INGLEWOOD,  CALIFORNIA 


FOREIGN  DIVISION:  301  CLAY  STREH,  SAN  FRANCISCO  11,  CALIFORNIA  ••  CANADIAN  DIVISION:  S&O  KING  STREET  WEST,  TORONTO  1,  ONTARIO,  CANADA 


S 
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rWRBERAU 


IN  STOCK 


trained 


technicai  state 


22  YEARS 
experience 


SUN  RADIO 


NUMBERALL  STAMP  &  TOOL  CO. 

HUGUiNOT  PARK  STATEN  ISLAND  1  2,  N.  V 


&  CLECTROIVICS  CO 


has  been  that  company’s  repre¬ 
sentative  on  various  standardiza¬ 
tion  panels  of  the  National  Televi¬ 
sion  System  Committee  and  Radio 
Technical  Planning  Board. 

Earl  R.  Sayre  has  been  ap¬ 
pointed  an  application  engineer 
for  P.  R.  Mallory  &  Co.,  Indian¬ 
apolis,  Ind.  He  was  formerly  with 
Arrow-Hart  &  Hegeman  Electric 
Co. 

Paul  H.  Thomsen,  former  chief 
engineer  at  Air-Track  Mfg.  Corp. 
is  now  vice-president  in  charge  of 
engineering.  He  is  succeeded  by 
Charles  B.  Raybuck  who  has 
Charles  R.  Browning  for  assistant. 
Charles  J.  Alba  is  development  en¬ 
gineer. 

William  W.  Wells,  previously 
with  Marine  Radio,  has  become 
senior  engineer  at  Hoffman  Radio 
Corp.,  Los  Angeles,  Calif.  William 
J.  Green,  late  of  Philco  Corp., 
holds  a  corresponding  title. 

William  Montgomery,  produc¬ 
tion  coordinator  at  John  Meek  In¬ 
dustries,  has  been  named  execu¬ 
tive  engineer  for  contact  with  Gov¬ 
ernment  agencies. 

E.  J.  Oberle,  commercial  engi¬ 
neer  of  Arpin  Mfg.  Co.,  Orange, 
N.  J.,  has  been  placed  in  charge  of 
the  equipment  division. 

Stanley  W.  Goulden,  commer¬ 
cial  engineer  in  the  RCA  Victor 
Div.,  Radio  Corp.  of  America, 
Camden,  N.  J.  died  in  Philadelphia 
recently  of  a  heart  attack.  He  had 
been  associated  with  the  company 
since  1919. 

John  F.  Dryer  Jr.  has  joined  the 
engineering  staff  of  Amperex  Elec¬ 
tronic  Products  Inc.  He  will  work 
on  development  of  power  and  con¬ 
trol  tubes  for  industrial  use. 

Fritz  H.  Behrendt,  president  and 
founder  of  Recoton  Corp.  and  head 
of  Selectar  Mfg.  Corp.  died  re¬ 
cently  after  an  illness  of  three 
years  during  which  he  neverthe¬ 
less  maintained  active  control  of 
both  companies. 

C.  D.  Geer,  onetime  chief  engi¬ 
neer  of  Thomas  A.  Edison  Inc.,  and 
recently  general  manager  of  the 
instrument  division,  has  been 
made  a  vice-president.  K.  G.  Berg- 
gren,  manager  of  the  special  prod¬ 
ucts  division,  has  been  given  the 
same  title. 

George  H.  Clark,  vice-president 
in  charge  of  engineering  at  Form¬ 
ica  Insulation  Co.,  Cincinnati, 
Ohio,  has  been  elected  to  a  direc- 
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PARTS 


ELECTRONIC 

EQUIPMENT 


for  bX 

FREE 
CATALOei  * 

A  Complete 

Centralized  Source  of  Supply 

Sovo  procioMS  timo!  If  yoo  oro  hoviog 
diflieolty  procoriog  ottootiol  rodio- 
oloctrooic  itoms  we  coo  help  tolve  yoer 
problemt.  Hoodreds  of  leodiog  ootioii- 
olly-advertited  broads  ore  carried  la 
stech— ready  for  laiaiedlote  shipaieat 
oa  saitoble  priorities.  "We  deliver  the 
goods  throaghoat  the  aotioa— oa  time!" 


Everyfhiag 


PLUGS  •  JACKS 


CONNECTORS 


NUMBERING  and 
LETTERING  PRES 


SOUND  SYSTEMS 
PILOT  LIGHTS 
RELAY  •  WIRE 


TERMINAL  STRIPS 
AHENUATORS 
OSCILLATORS 
TEST  PRODS. 


SUPPLIERS  TO 


INDUSTRIAL  MANUFACTURERS 
RESEARCH  LABORATORIES 
TELEPHONE— TELEGRAPH  COMPANIES 
PUBLIC  UTILITIES 

SCHOOLS  •  COLLEGES  •  HOSPITALS 
AIRCRAFT  PLANTS  •  SHIPYARDS 
U.  S.  ARMY  SIGNAL  CORPS  •  U.  S.  NAVY 
and  ether  GOVERNMENT  AGENCIES 


An  ideal  machine  for  hot  stamping 
letters  and  figures  on  plastic  name¬ 
plates,  and  other  small  parts,  with 
the  use  of  colored  roll  leaf.  Fur¬ 
nished  with  an  electric  heating  ele¬ 
ment,  and  rheostat  for  regulating 
heat.  All  figures  and  entire  alpha¬ 
bet  are  on  one  dial. 


*  800  Pag*  catalog  fr**  oa  r*qu*st  to  aiitbor* 
iMd  parebasiog  ag*ats  wbo  writ*  la  o*  company 
itationory.  Addrots  D*pt.  E. 


We  also  make  numbering  machines  .  .  . 
automatic  and  non-automatic  .  .  .  for 
stamping,  either  hot  or  cold,  numbers 
and  letters  into  various  materials. 


Telephone  BArclay  7-1840 
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A  NEW 

WIDE-RANGE 
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if;  D.  C.  to  4  megacycles 


it  High  gain  amplifiers 


it  Calibrated  sweep  circuit 


it  Balanced  or  Unbalanced  input 


it  Battleship  Construction 

One  of  several  instruments  designed  to  meet  the  requirements  of  our  military  development  program 
—  now  made  available  for  general  sale. 


nUQUBICY  RANGE 

D.C.  to  4  megacycles  —  X,  Y  and  Z  am¬ 
plifiers 

VOITAGI  GAM 

X  and  Y  amplifiers  —  2000 
Z  amplifier  — 100 

MPUT  IMPEDANCE 

5  megohms;  15  on  all  amplifiers;  either 
balanced  or  unbalanced  input  may  be  used 

MAXIMUM  MPUT 

500  volts  —  X  and  Y  amplifiers 
50  volts  —  Z  amplifier 

DEFLECTION  CALIBRATION 

Comparison  Voltmeter  for  calibrating  de¬ 
flection  against  sine  wave 

LOW  IMPEDANCE  ATTENUATOR 

Eliminates  troublesome  capacity  effects 


SWEEP  ORCUITS 

Hard  tube  linear  sweep  circuit,  2  cycles  to 
1  megacycle 

Also,  calibrated  sweep  circuit  —  saw  tooth 
or  sine  wave  —  20  cycles  to  100  kilo¬ 
cycles 

Internal  oscillator  provides  square  wave  or 
sinusoidal  wave  for  external  use  —  20 
cycles  to  100  kilocycles 

LIGHT  SHIELD 

An  adjustable  light  shield  is  provided, 
maximum  projection  —  8  inches 

CATHODE  RAY  TUBE 

Type  5  CPI 

Accelerating  potential  —  3000  volts 

Facilities  are  included  for  making  a  quick 
change  to  5CP5  tube  for  high  speed 
photography  or  to  5CP2  long-persist¬ 
ence  tube 

DIMENSIONS 

Height  — 20'  Width  — 16'  Depth  — 26' 


Your  inquiry  will  receive  prompt  attention,  as  will  inquiries  concerning  the  application  of  our  en¬ 
gineering  facilities  to  the  solution  of  your  industrial  control,  inspection  or  instrumentation  problems. 


INDUSTRIAL  PHYSICS— INSTRUMENT  DEVELOPMENT 


899  BOYLSTON  STREET,  BOSTON  15,  MASS. 
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torship  in  Society  of  the  Plastics 
Industry.  SPI  is  the  national  or¬ 
ganization  of  molders,  machinery 
makers,  and  materials  suppliers. 

Theodore  W.  Case  has  died.  He 
was  one  of  the  early  workers  on 
invention  of  sound  for  motion  pic¬ 
tures  and  an  executive  of  Fox- 
Case  Corp.  since  his  sale  of  Movie¬ 
tone  to  the  Fox  film  interests.  He 
was  active  during  World  War  I  on 
work  connected  with  infrared  sig¬ 
nalling  between  ships. 

R.  C.  Brannan  has  been  ap¬ 
pointed  manager  of  the  trans¬ 
former  equipments  section  of  the 
transformer  division,  Westing- 
house  Electric  &  Mfg.  Co.,  Sharon, 
Pa.  He  has  been  headquarters 
commercial  engineer  in  the  power 
transformer  section. 

Frank  H.  McIntosh,  chief  of  the 
domestic  and  foreign  branch.  Ra¬ 
dio  and  Radar  Div.,  WPB,  has  re¬ 
signed  to  return  to  private  elec¬ 
tronic-engineering  consulting  prac¬ 
tice.  He  is  succeeded  by  his  for¬ 
mer  assistant,  John  Creutz. 

Major  General  Harry  C.  Ingles, 
chief  signal  Officer,  has  been 
awarded  the  decoration  of  the  Or- 
den  del  Libertador  in  the  grade  of 
Commendador  by  the  Republic  of 
Venezuela.  This  was  for  commun¬ 
ications  services  rendered  while 
General  Ingles  was  chief  of  Staff 
of  the  Caribbean  Defense  Com¬ 
mand. 

Garet  W.  Denise,  former  indus¬ 
trial  consulting  engineer  has  been 
made  general  manager  of  the  Chi¬ 
cago  plant  operations  of  Littelfuse 
Inc.  He  has  also  been  associated 
with  Temple  Radio  Corp. 

Major  George  A.  Rote,  member 
'  of  the  engineer  board  at  Fort  Bel- 
voir,  Va.,  has  been  appointed  to 
the  American  Standards  Associa¬ 
tion  committee  on  standardization 
of  vacuum  tubes  for  industrial 
purposes. 

Wilbur  B.  Driver  has  resigned 
as  president  of  the  company  bear¬ 
ing  his  name  and  has  been  re¬ 
placed  by  his  son  Robert  0.  Driver. 
The  company  manufactures  resis¬ 
tance  wire  and  special  alloys. 

Jay  L.  Taylor  has  joined  the 
staff  of  Hoffman  Radio  Corp.,  Los 
Angeles,  Calif.,  as  a  senior  engi¬ 
neer.  He  has  been  in  the  research 
laboratory  of  Colonial  Radio  Corp. 

James  W.  McLaughlin  has  been 
made  president  of  Bakelite  Corp., 
New  York,  N.  Y.  His  direction 


n  Coils  are  the  transformer's  heart. 
Wound  on  machines  of  our  own  design  by 
skilled  operators.  Peerless  coils  are  uni¬ 
form  in  performance  and  free  from  failure. 


ELECTRICAL  PRODUCTS  CO. 

6920  McKinley  avenue,  los  angeles  i,  California 


STAR  steatite 


Meets  the  most  ex¬ 
acting  requirements 
of  the  Electronic 
Industry. 


your  9< 
tery.  A 
20  8ec< 
meanv 


youpo 
to  hit  s 


The  STAR  product  meets 
Government  specification. 


The  STAR  PORCELAIN  CO 


YOU  « 

bomber 

invest 


ELECTRONICS  DEPT. 
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The  Problem 


How  the  Gun  Director  solves  it 


An  enemy  bomber  is  sighted 
5  miles  away,  3  miles  high,  fly¬ 
ing  fast.  He’s  within  range  of 
your  90  mm.  anti-aircraft  bat¬ 
tery.  A  shell  will  take  perhaps 
20  seconds  to  reach  him,  but 
meanwhile  he’ll  have  flown 
nearly  2  miles.  How  could 
you  possibly  tell  where  to  aim 
to  hit  such  a  speeding  target  ? 


Enemy  plane  (1)  is  spotted  and  followed 
by  Tracker  (2)  and  Height  Finder  (3), 
which  feed  information  into  Altitude 
Converter  (4)  and  Computer  (5).  Swiftly 
the  Computer  plots  the  plane’s  dis¬ 
tance,  course  and  speed — aims  the  gun 
(6)  and  sets  the  fuse  of  the  shell  to 
hurst  at  a  calculated  point  (7)  for  a  hit. 

This  electrical  brain — the  Computer 
—thinks  of  everything.  It  figures  on :  (A) 
muzzle  velocity  of  gun  ;(B)  shell  drift  to 
the  right  due  to  its  spin ;  (C)  air  density ; 


(D)  time  of  shell’s  flight;  (E)  downward 
pull  of  gravity;  (F)  direction  and  veloc¬ 
ity  of  wind;  (G)  even  the  distance  be¬ 
tween  Tracker  and  gun! 

Developed  by  Bell  Telephone  Labora¬ 
tories  men  working  with  Army  Ord¬ 
nance  experts,  and  made  by  Western 
Electric,  the  electrical  Cun  Director 
has  made  our  anti-aircraft  fire  more 
accurate  than  ever.  It  is  one  of  many 
electrical  weapons  now  being  produced 
by  Western  Electric. 


YOU  can  help  to  knock  down  enemy 
bombers.  During  the  5th  War  Loan  Drive, 
invest  more  than  ever  in  War  Bonds! 


Western  Electric 

/Cn]  arsenal  of  communications  equipment 
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ELECTRICAL  GUN  DIRECTOR! 
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Gibson  Eleetric  Gomprnv 


will  encompass  all  plastics  opera¬ 
tions  of  Union  Carbide  and  Carbon 
Corp. 

T.  R.  Porter  has  become  techni¬ 
cal-commercial  engineer  on  high- 
frequency  heating  for  North  Amer¬ 
ican  Philips  Co.,  New  York,  N.  Y. 
He  was  formerly  concerned  with 
electronic  development  at  West- 
inghouse. 

Donald  M.  Campbell,  former 
electronic  engineer  with  Bell  Air¬ 
craft  Corp.,  has  joined  the  staff  of 
Hoffman  Radio  Corp.,  Los  Angeles, 
Calif. 

T.  A.  M.  Craven,  FCC  Commis¬ 
sioner,  has  announced  his  affilia¬ 
tion,  in  a  technical  capacity,  with 
the  Cowles  interests,  operators  of 
Midwestern  radio  stations  and 
newspapers. 

L.  Gale  Huggins  has  been  named 
assistant  manager  of  air  condition¬ 
ing,  covering  engineering  matters, 
at  Westinghouse  Electric  Elevator 
Co.,  Jersey  City,  N.  J.  Other  ap¬ 
pointments  include  Walter  C. 
Goodwin,  negotiation  manager 
over  application  engineering,  and 
Howard  A.  Blair,  electrical  engi¬ 
neer,  as  service  manager. 


Feature  These  Advantages 

/ .  Low  voltage  drop 
2  Self  lubrication — 
low  friction 
3,  Long 


high  altitudes' 

ic  Gibsiloy  C  has  the  lowest  volt-  ed  for  use  in  airplane  and  tank 
age  drop  of  any  contact  metal  con-  turrets  and  other  rotating  electri- 
taining  graphite.  It  is  not  adversely  cal  equipment  —  in  instruments, 
affected  by  various  atmospheric  rheostats,  and  other  sliding  con- 
conditions  and  altitudes.  Gibsiloy  tact  applications.  Consult  us  on 
C  sliding  contacts  are  recommend-  your  contact  problems. 


8361  Franlutown  Av«.,  Pittsburgh  (21),  Pa. 


MICROAMPERES  S. 


Emerson  Radio  and  Phonograph 
Corp., 

New  York,  N.  Y. 

INSULINE  Corp.  of  America, 

Long  Island  City,  N.  Y. 

Price  Brothers  Co., 

Frederick,  Md. 


War  work  has  expanded  Triplett  production  far 
beyond  previous  capacities  and,  with  the  experience 
of  more  than  forty  years  of  instrument  manufactur¬ 
ing,  has  bettered  the  Instruments  coming  off  the 
production  lines 

Now — better  instruments  are  ready  for  general 
use.  Place  your  orders,  at  once,  with  Triplett — 
headquarters  for  instruments  made  to  one  fine 
standard  of  engineering. 


*  O'Arsonval  Moving  Coil  O.C 
Instruments 

*  Double  Iron  Repulsion  A  C 
Instruments 

*  Electrodynamometer  A.C.-D.C. 

*  R.F.  and  Rectifier  Types. 

Sizes  2'  through  7' 


COOLING  AND  FIRE  prevention 
are  provided  by  a  newly  patented 
television  antenna  that  consists  of 
a  perforated  metal  tube  from  which 
water  can  be  sprayed.  Water  in  the 
tubing  improves  reception  of  un¬ 
damped  waves  in  dry  weather,  ac¬ 
cording  to  the  claims. 


itlWO'********^’^ 


TRIPLETT  ELECTRICAL  INSTRUMENT  CO 

BLUFFTON  •  OHIO 
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hands 


KARP  facilities  and  men,  skillful  in  engineering  and 
fabricating  metal  parts  and  products  of  simple  or 
complex  design,  are  your  extra  hands.  In  design,  our 
engineering  department  has  helped  solve  the  knot- 
tiest  of  problems.  In  production  and  deliveries,  our 
facilities  have  been  praised  for  maintaining  and 
beating  standards  and  schedules.  In  cost,  KARP 
extensive  stocks  of  dies  have  saved  thousands  of 
dollars  for  customers. 


V  for  Victory  is  next 


D-Day  has  come 


ANY  QUAHTITKS— ANY  MHAl— ANY  SIZE  — ANY  FINISH 


124  30th  STRUT  .  BROOKLYN  31,  N.  Y. 


BUY  MORE  WAR  BONDS 


KEEP  BACKING  TBE  ATTACK 
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PORTABLE  POWER 

PROBLEMS 


y^R/TE  EOR  PRICE  SHEETS 
PND  COMPLETE  INEORMPTION 


BURGESS  BATTERIES 


135  LIBERTY  ST.  NEW  YORK  6.N.Y. 


Plethysmograph 


{Continued  from  page  117) 


Nt.  4 — Veneer  Drying  Centrel 


encephalograph  the  inkwriter  field 
is  energized  by  the  power  supply 
for  the  final  amplifier  which  drives 
the  moving  coil  of  the  writer.  Be¬ 
cause  of  the  small  amount  of 
power  required,  it  seemed  prefer¬ 
able  to  supply  the  inkwriter  field 
from  a  separate  power  supply,  mak¬ 
ing  it  completely  independent  of 
the  electroencephalograph  ampli¬ 
fiers  and  power  supply.  A  voltage 
doubler,  using  a  117Z6GT,  was 
provided  for  this  purpose  and 
placed  in  the  chassis  with  the  di¬ 
rect-coupled  power  amplifier. 


•  (hir  past  develop¬ 
ments  and  present 
day  exijerience  with 
FM  Antennas  will 
provide  greater  effi¬ 
ciency  in  design  and 
performance  to  meet 
the  exacting  stand¬ 
ards  of  this  impor¬ 
tant  field. 

We’re  “all  out”  for 
\' ictory,  but  our  en¬ 
gineers  are  ready  to 
work  with  you  on 
ppst-war  plans. 
iOHN  E.  LINOO  i  SON,  Im. 

CAMOCN,  NEW  JERSEY 


Ad|Mstin*Rt  ProeedBr*  | 

The  first  stage  of  the  amplifier 
is  adjusted  with  the  6L6G  output 
tubes  removed  from  their  sockets. 
The  common  cathode  resistor  value 
(nominally  30,000  ohms)  is  varied 
until  the  voltage  from  the  com¬ 
mon  cathode  connection  to  the 
plates  (shorted  together)  is  about 
60  percent  of  the  voltage  from  the 
cathodes  to  the  plate  supply  con¬ 
nection.  The  6L6G  tubes  are  then 
inserted,  and  the  connection  be¬ 
tween  the  battery  and  the  rectifier 
so  adjusted  that  approximately  the 
same  condition  exists  in  the  power 
stage. 

The  gain  of  the  amplifier  is  con¬ 
trolled  by  varying  a  shunting  re¬ 
sistor  across  the  plates  of  the  6J7 
tubes.  In  effect,  this  changes  the 
amplifying  efficiency  of  the  first 
stage.  This  method  of  gain  control 
is  particularly  advantageous  for 
d-c  amplifiers,  as  it  does  not  affect 
the  output  voltage  when  the  ampli¬ 
fier  is  set  at  “center.” 

The  amplifier  is  adjusted  by 
grounding  the  input  grid  with  the 
switch  provided,  turning  the  gain 
to  maximum,  and  bringing  the  pen 
to  a  central  position  with  the  cen¬ 
tering  control.  The  gain  may  then 
be  reduced  to  near  minimum.  The 
plethysmograph  should  then  be 
placed  on  the  upper  part  of  the  ear 
and  adjusted  so  that  there  is  a 
slight  comfortable  pressure.  Under 
these  conditions  a  considerable 
basal  quantity  of  light  reaches  the 
phototube,  producing  a  large  volt¬ 
age  drop  in  the  5-megohm  load  re- 
1  sistor.  This  makes  the  grid  of  tube 


,  FAMOUS  ALL-WOOD 
“MOSQUITO”  of  the 
^  Royal  Air  Force  is 
of  tough,  durable  wood  veneer  —  made 
to  a  rigid  engineering  specification.  The 
physical  characteristics  of  this  veneer 
must  be  as  uniform  as  metal.  Most  vital 
step  in  production  is  the  drying  where 
precision  control  of  moisture  content 
assures  its  stability  and  strong  cell  struc¬ 
ture  ,  .  .  guarded  by  electronic  moisture- 
meters  powered  by  Burgess  batteries. 


B  MOULDED 
BAKELITE 

MEM 

mmns 


M  All  Orders  tearing 

M  Army  6  Navy 

I  Inspection  at  Source 

I  Will  Be  filled 

I  Within  10  Days 

[  From  Date  at  Order, 

All  H.M.A.  or  A.8.A.  color  coded. 
A  complete  stock  is  ready  for  im¬ 
mediate  shipment  of  quantities, 
ranging  from  500  to  5.000  of  each 
capacity  In  regular  MICA  CA¬ 
PACITORS  in  5%.  10%  and  20% 
tolerance  and  silvered  MICA 
CAPACITORS  in  2%.  5%  and 
10%  tolerances. 

Notice  to  Manufacturers:  Itesides  our 
rcinilar  stock  of  all  capacities  we  have 
In  stock  ready  for  immediate  delivery 
at  all  times: 

10,000  OF  EACH 


SPECIAL-PURPOSE  BATTERIES  have  always 
been  a  specialty  of  Burgess  engineers. 
Puzzling  problems  of  size  and  operating 
characteristics  dissolve  in  their  expiert 
hands  . .  .  your  problem  will  be  welcomed. 

FREE.. ENGINEERING  HANDBOOK 

80-page  manual  of  basic  data  and  char¬ 
acteristics  of  dry  batteries  for  all  electronic 
applications.  Tabbed  for  ready  reference. 
Write  Dept.  9  for  free  copy.  Burgess 
Battery  Company,  Freeport,  Illinois. 


in  rcftular  mica  foil  rai>acitor.s,  5  & 
lO'f  Tolerance,  manufactured  in  ac¬ 
cordance  with  American  War  Stand¬ 
ards  to  meet  Army  and  Navy  Speci- 
tlcations. 
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Whether  your  post-war  product  in¬ 
volves  0  marine,  aviation  or  indus¬ 
trial  transformer  for  unusual  appli¬ 
cation  or  performonce,  the  N.  Y.  T. 
Sample  Department  con  fulfill  the 
requirement. 


NEW  YORK  TRANSFORMER  COMPANY 

26  WAVERLY  PLACE,  NEW  YORK,  N.  Y. 


The  Resourcefulness  of  the 
N-Y-T  SAMPLE  DEPARTMENT 

hwm  ei/9n  M  8e^ 

4  ^/^The  flexibility  of  N-Y-T  engineering  is  empha- 
sized  by  the  type  and  scope  of  its  transfornrter 
designs.  Prior  to  the  Defense  era,  N-Y-T  tech- 
nicians  produced  special  custom-designed 
/  \ynits  for  general  precision  applications.  Then, 

with  military  preparations,  transformers,  rectifiers  and 
solenoids  — ^^f^r  practically  every  phase  of  electronic 
equipment — were^included  in  N-Y-T  production. 

With  the  bcTvent  ofs^war,  the  ingenuity  and  resourceful¬ 
ness  of  the  NEW  YORK  TRANSFORMER  Sample  Depart¬ 
ment  kept  pace  withNhe  unprecedented  demands  of 
Army,  Navy  and  Air  Forces.^ 

The  experience  gained  now^in  producing  for  the  war 
effort  is  helping  gear  NEW  YORK  TRANSFORMER  COM¬ 
PANY  to  peace  time  requirements  for  both  civilian  and 
industrial  transformer  products. 
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LITTELFUSE  inc 


263  Ong  St.,  El  Monte,  California 
4793  Raventwood  Ave.,  Chicago  40,  III. 


GUARD 


Equipment 
jL  with 


Circuit 


Protection! 


A— 107S>F  Crfroctor  Po«t. 

B — 1212-B  4  AG  Fuse  Mounting. 

C— 1010  1  pole,  8  AG  Fuse  Mounting. 
D— 1011-8  Fuse  Clip  for  3  AG  Fuses,  'A 
E— 1001  8  AG  Fuse.  1/100  amp. 

F — 1004  8  AG  Fuse,  Vs  amp. 


"QUICKER  THAN  A  SHORT  CIRCUIT"' 

Littelfuse  units  for  most  efficient  safe¬ 
guarding  of  circuits,  machines  and  in¬ 
struments  have  been  improved  and 
multiplied.  JSever  before  was  electri¬ 
cal  protection  so  de|>endahle,  or  of  so 
wide  a  range. 

NEW  FUSING  THROUGHOUT 

New  fusing  of  all  electrical  equipment 
is  one  of  the  best  supports  of  present 
service  that  must  he  prolonged.  New 
Littelfuses  mean  prevention  of  short 
circuits,  costly  hurnouts,  and  damage 
by  inex|>erienced  operators. 

hatever  your  [troblem  in  circuit 
protection.  Littelfuse  will  be  glad  to 
counsel  with  vou. 


AUTO  ENGRAVER  CO. 
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2  positive,  and  throws  the  pen  to 
one  side  of  center.  The  voltage 
drop  is  then  balanced  out  by  a  neg¬ 
ative  voltage  from  the  70,000-ohm 
balancing  potentiometer,  which  is 
so  adjusted  that  the  pen  is  returned 
to  a  central  position. 

For  a  few  minutes  the  pen  will 
drift  to  one  side,  because  of  the 
vascular  dilatation  resulting  from 
the  heat  of  the  light  bulb  near  the 
ear.  When  the  drift  has  ceased, 
the  apparatus  may  be  tested  by  do¬ 
ing  a  Valsalva  experiment.  An  ex¬ 
ample  of  the  resulting  record  is 
shown  in  Fig.  4.  Increased  conges¬ 
tion  is  indicated  by  a  downstroke 
on  the  record,  starting  at  A.  Intra- 
thoracic  pressure  is  released  at  B,  ^ 
and  is  usually  followed  by  a  period 
of  overcompensation.  The  instru¬ 
ment  is  then  ready  for  operation. 

If  a  larger  record  is  desired,  the 
pen  may  be  extended  to  almost  any 
length  desired.  The  frequency  to 
be  recorded  is  very  low,  so  that 
inertia  is  not  a  problem. 

The  amplifier  may  be  used  for 
many  other  purposes.  It  works 
very  well  with  a  photoelectric  mem¬ 
brane  manometer  previously  de¬ 
scribed  by  the  author®.  Pressure 
variations  up  to  about  50  cycles  per 
second  can  thus  be  recorded  with 
the  inkwriter.  The  input  need  not 
be  from  a  phototube  circuit,  as  the 
instrument  will  work  equally  well 
with  any  other  voltage  input  giv¬ 
ing  a  signal  of  the  order  of  one 
volt. 

The  output  can  also  be  used  to 
drive  an  electromagnetic  oscillo¬ 
graph  of  the  optical  type,  which 
might  require  more  power  than  the 
usual  small  direct-coupled  ampli¬ 
fier  can  deliver. 


VACUUM 


•  Complata  rang*  of  sizas 
and  alloys  for  Transmit¬ 
ting,  Racoiving.  Bottary 
and  Miniatur*  Tubos  .  . 


•  Maltad  and  worked  to 
assured  maximum  uni¬ 
formity  and  strength 


«fiameter 


fo/ied 


•  SFECIAL  AUOYS  made  to 
meet  individual  specif!* 
^  cations.  Inquiries  invited. 


DUPLICATING  and  PROFILING 


AUTO  ENGRAVER 


References 


Accurate  Engraving 
with  Unskilled  Operators 

Unskilled  operators  will  profile  or  accurately 
reproduce  in  smooth  lines  any  design,  num¬ 
ber,  letter,  emblem,  signature;  on  iron,  brass, 
copper,  aluminum,  soft  steels  and  all  plastics. 
Here  are  some  of  its  other  uses  .  .  . 

•  Drills  a  series  of  holer,  or  profiles  small 
parts. 

•  Cuts  an  even  channel  for  wiring  on  panels. 

•  Increases  accuracy  and  production. 

•  Works  from  original  drawing  or  templates. 

•  Etches  glass  and  similar  items. 

•  Will  not  cause  distortion. 

For  complete  information  on  this  and  other 
models  and  prices  write  Dept.  K. 
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NEW  PRODUCTS 

Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


New  Heat-Resisting  Plastic 
for  Radio  Parts 

A  NEW  THERMOPLASTIC  that  can 
hold  its  shape  and  strength  in  boil¬ 
ing  water  and  yet  can  be  molded  by 
fast  and  economical  injection  mold¬ 
ing  methods  is  announced  by  Mon¬ 
santo  Chemical  Co. 

The  new  plastic  known  as  Cerex 
has  already  found  wide  use  in  war 
work,  particularly  radar,  radio  and 
other  military  electronic  equipment 
where  light-weight  substances  hav¬ 
ing  good  electrical  and  heat-resis¬ 
tant  properties  are  in  demand. 

Cerex  is  one  of  the  results  of  a 
long-range  research  program 
started  six  years  ago  to  develop 
new  thermoplastics,  from  petroleum 
sources,  to  overcome  the  poor  di¬ 
mensional  stability  of  existing  ther¬ 
moplastics. 

The  fact  that  thermoplastics  re¬ 
peatedly  soften  under  heat  and 
harden  on  chilling  is  a  fabricating 


advantage,  but  this  characteristic 
involves  low  heat  resistance  in  a 
molded  part.  The  temperature  re¬ 
sistance  of  a  thermoplastic  as  indi¬ 
cated  by  its  ASTM*  heat  distor¬ 
tion  point  determines  the  approxi¬ 
mate  ceiling  for  service  tempera¬ 
tures,  although  the  exact  value  de¬ 
pends  upon  the  imposed  load. 

Two  classes  of  materials  were  de¬ 
veloped.  One,  designated  as  Sty- 
ramic  HT,  is  a  specialized  high-cost 
material  of  critical  importance  in 
super  -  high  -  frequency  insulation. 
A  secrecy  order  forbids  discussion 
of  its  properties.  The  other  is  Mon¬ 
santo  Cerex,  which  has  an  ASTM 
heat  distortion  point  of  220®  F.  It 
is  a  co-polymer  containing  the  ele¬ 
ments  carbon,  hydrogen  and  nitro¬ 
gen.  These  three  elements  may  be 


*  In  ASTM  test  method  D648-41T  a  load  of 
2.5  kg  Is  applied  to  the  center  of  a  * 
molded  bar  supported  on  4*  centers 
while  the  temperature  of  the  specimen  Is 
raise<l  slowly.  The  temperature  at  which 
a  deflection  of  0.01"  occurs  Is  taken  as  the 
heat  distortion  point. 


combined  in  various  forms  to  give 
various  characteristics  but  the  pres¬ 
ent  war  development  is  concen¬ 
trated  on  Cerex,  X214. 

Electrical  properties  of  the  new 
material  are  superior  to  those  of 
most  other  thermoplastics  although 
they  are  not  as  good  as  polystyrene 
and  Stryamic  HT  at  very  high  fre¬ 
quencies.  The  dielectric  strength 
of  the  material  is  excellent  (over 
500  volts  per  mil).  Surface  and 
volume  resistivity  are  also  excellent 
and  are  not  appreciably  affected  by 
prolonged  immersion  of  the  mate¬ 
rial  in  water.  Maintenance  of  elec¬ 
trical  properties  under  high  humid¬ 
ity  conditions  is  assisted  by  the  low 
water  absorption  of  Cerex. 

The  material  now  being  produced 
has  a  transparent  amber  natural 
color.  Color  possibilities  in  molding 
compounds  are  somewhat  limited 
although  a  range  of  transparent, 
translucent  and  opaque  colors  can 
be  obtained.  In  flamability  tests, 
the  material  is  rated  as  slow  burn¬ 
ing. 

War  applications  of  Cerex  X214 
have  received  exclusive  attention 
in  development  work.  These  include 
electrical  applications  where  mod¬ 
erately  low  electrical  loss  properties 
are  required  in  combination  with 
heat  resistance  higher  than  sup¬ 
plied  by  present  thermoplastics. 
Coil  forms,  crystal  holders  and  ca¬ 
pacitor  cases  are  typical  of  the  ap¬ 
plications  being  studied.  Aircraft 


Comparison  Chart  for  Injection  Molding  Materials 


Test 

Cerex 

X  214 

Polystyrene 

Methyl 

Methacrylate 

Vinylidene 

Chloride 

Cellulose 

Acetate 

Cellulose 

Acetate 

Butyrate 

Vinyl 

Acetate 

Chloride 

Ethyl 

Cellulose 

Specific  Grevity . 

1.07 

1 .05-1 .07 

1.18-1.19 

1.68-1.75 

1.27-1.37 

1.15-1 .23 

1.30-1.45 

1.07-1.18 

Flextirel  Strength  in  P.S.I . 

13.000 

8,000-10,000 

10,000-15,000 

15,000-17,000 

2,000-16,000 

2,100-12,700 

12,000-14,000 

0.4-1 .2 

3,000-12,000 

Impect  Strength  in  Ft  Lb/In; 

(Itod  Milled  Notch) . 

0.40 

0.30-0.40 

0.2-0.4 

0.3-1 .0 

0.7-6.0 

0.5-7.5 

0.6-8.0 

Distortion  Tempereture  in  °F . 

220-230 

168-176 

125-160 

150-180 

106-213 

117-214 

140-155 

120-200 

Rockwell  Hardness . 

M100 

M80-M90 

M60-M90 

M50-M65 

M19-M81 

M23-M72 

M60-M80 

M25-M65 

Dielectric  Strength,  Short  Time,  in 
V/Mil . 

>510 

500-700 

500 

350 

290-600 

250-400 

400 

400-700 

Power  Factor ; 

60  Cycles . 

1000  Cycles . 

1,000,000  Cycles . 

0.0024 

0.0024 

0.0001-0.0003 

0.0001-0.0003 

0.0001-0.0003 

0.05-0.06 

0  06-0.07 
0.02-0.03 

0.03-0.08 

0.03-0.15 

0.03-0.05 

0.01-0.06 

0.01-0.06 

0.01-0.05 

0.01-0.04 

0.01-0.04 

0.008 

0.01 

0.014 

0.005-0.01 5 
0.005-0.025 
0.007-0.030 

Dielectric  Constant: 

60  Cycles . 

1,000  Cycles . 

1 ,000,000  Cycles . 

2.72 

2.76 

2.5-2.6 

2  5-2.6 

2. 5-2.6 

3.4-3.6 

3.3-3.5 

3.1 -3.3 

3.0-5.0 
3.0-5  0 
3.0-5.0 

3.5-6.4 

3. 5-6.4 
3.2-6.2 

3.5-64 

3.2-62 

3.26 

3.21 

3.08 

2. 5-3.5 
25-3.5 
2.0-4.0 

Water  Absorption,  S4  Hr,  in  %..  ■ 

0.30 

0.05 

0.4-0.6 

<0.1 

1. 6-3.6 

1. 2-2.0 

0.05-0.15 

1. 0-2.0 
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THE  SCIENCC^^F  ELECTRONICS  ALSO  PROVIDES  A  NEW  TRIVMPN  IN 
iLECTRO-MEDICAL  ANALYSIS  AND  LABORATORY  RESEARCH  .  .  . 


FIOUIIC  Photographic  Mothod 


The  exact  similarity  between  the  stand¬ 
ard  photographic  cardiogram  and  the 
direct  writing  instantaneous  cardio¬ 
gram  on  this  new  EPL  instrument  is 
indicated  in  Figures  A  and  B,  which 
are  records  of  the  same  subject  taken 
a  few  minutes  apart. 


EPL  Direct- recording  Eiectrocardiograph* 


...giving  instantaneous  standard  readings 


•  Bailt  to  exacting  laboratory  standards  after 
years  of  research 

•  Completely  eliminates  all  photographic 
procedures 

•  Useful  in  the  laboratory  as  well  as  a  benefit 
to  mankind 

•  Compact,  lightweight  portable;  simple  and 
effkdent  in  operation 


•  Cardiograph  record  appears  instantaneously 

•  Built-in  interference  filter  makes  posside 
perfectly  usable  cardiograms  in  strong  inter¬ 
fering  electrical  field 

•  Operates  from  any  110-120  voH,  60  cycle, 
AC  service 

•  Uses  no  ink  or  other  fluids 

•  High  operating  economy 


(•PATENT  PENDING 


For  Laboratory  Procedure 


The  recorder  of  this  new  Electrocardiograph  may  be  used  in  conjunc¬ 
tion  with  other  equipment  for  laboratory  research.  It  provides  an  amplifier 
and  recorder  which  will  give  a  graphic  record  between  .1  cycle  and  80 
cycles  per  second  at  a  sensitivity  of  1  millivolt  for  2  cms  total  deflection; 
or  a  range  from  zero  to  80  cycles  for  60  millivolts  for  2  cms  deflection. 
A  high  speed  writer  can  be  supplied  which  will  extend  the  operating 
frequency  to  about  200  cycles.  Because  of  the  special  damping  circuit 
employed,  excellent  transient  response  is  secured. 

Although  in  the  high  sensitivity  connection,  the  amplifier  is  not  a  true  _ 
D-C  amplifier,  the  phase  correction  is  such  that  perfect  square  wave 
response  from  .25  cycles  to  80  cycles  is  realized  with  the  one  millivolt 
sensitivity  connection. 


At  present,  deliveries  will  be  made  on  priority  only. 
Write  for  descriptive  booklet. 


ELECTRO-PHYSICAL  LABORATORIES,  INC. 

_ 45  W.  18th  STREET  *  NEW  YORK  11,  M.  Y.  »  WAtMiia  0-1870 

,Manufacturers  of  Electro- Encephalographs  and  Electric  Shock-proof  Machines 

A  Division  of  the  ELECTRONIC  CORPORATION  OF  AMERICA 


ELECTRODES 


FOR  CRYSTALS 


FINISHED 


Size  and  types  made  to  your  specification  with 
^  air  gap  tolerance  held  within  5  microns  ^ 


^NEW  CATALOG 

Will  MMnf  HtIpM  Data 
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‘^Includes'. 

Illustrations  of  71  ‘‘spe¬ 
cials”. 

Dec.  equivs.  of  fractions. 
Weights  per  1M  pieces. 
SENTON  REQUEST 


Spaciu  Imoi,  Iu^, 
aw  fhriilai  ai  iaita- 
iin  af  tuj  mUI  m 
aiMjr  aiaptad  ie 
apMt-mhMnidn'a 
^adiky.ffaauTMripirt: 

25,000,000. 


VAe  fROCRESSIVE  MFC  CO 

TORfUNGTON  SO  NORWOOD  ST  /CONNECTICUT 


Dr.  Reid  Fordyce  and  Dr.  David  T. 
Mowry,  co-dUcoverers  of  Cerex,  hold 
up  for  comparison  two  radio  parts.  Al¬ 
though  identical  in  sise  and  shape  be¬ 
fore  immersion  in  the  boiling  water,  the 
ordinary  plastic  (left)  wilted  and 
shrunk,  while  the  black  Cerex  part  was 
unaffected  by  boiling  water 


battery  cases  molded  of  Cerex  X214 
have  withstood  very  severe  tests. 
In  one  such  test  the  sulfuric  acid 
electrolyte  contained  in  a  Cerex 
X214  jar  was  actually  boiled  with¬ 
out  deformation  or  chemical  attack 
of  the  molded  case. 

In  effect,  this  new  material 
breaks  down  the  dividing  line  be¬ 
tween  the  fields  of  application  for 
injection  and  compression  molded 
products.  The  injection  molder  can 
now  produce  parts  for  service  at 
temperatures  that  previously  have 
required  the  use  of  thermosetting 
materials.  Radio  and  electronic 
parts  can  now  be  injection  molded 
and  yet  have  resistance  to  the  am¬ 
bient  temperatures  encountered  in 
such  apparatus  even  in  tropical 
locations. 


New  and  Improved 
Celroii  Tubes 

Individual  Bulletins  which  con¬ 
tain  complete  technical  data  on  the 
following  new  and  improved  Cetron 
tube  types  are  available.  Briefly, 
the  tube  types  are  as  follows: 

CE-29  is  an  improved  type  of 
blue  sensitive  phototube,  using  an 


V  '-''  X-'; 
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*■  ^  V  -  ■  .  ; .  ■■ 


RADIO  CORPORATION  OF  AMERICA 

RCA  LABORATORIES  •  PRINCETON  •  NEW  JERSEY 


RCA 

Uads  th«  way  in 
radio— television- 
phonographs— racords 
wtwbes— electronics 


Listen  to  RCA’s  "The  Music  America  Loves  Best" — Saturdays,  7:30  P.M.,  tW.T.,  over  the  Blue  Network  ★  BUY  WAR  BONDS  EVERY  PAY  DAY,^ 
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octal  5-pin  base,  interchangeable 
with  similar  tubes  produced  by 
other  manufacturers.  This  tube  is 
similar  to  the  manufacturer’s  type 
CE-30.  These  two  tubes  together 
may  be  used  to  convert  equipment 
from  being  red  sensitive  to  blue 
sensitive  and  vice  versa.  CE-29  is 
particularly  sensitive  to  blue  and 
violet  light  near  the  short  wave¬ 
length  limit  of  visibility.  Bulletin 
No.  PC-15. 

CE-200  and  CE-201  are  2-amp, 
full-wave,  mercury  vapor  rectifiers 
suitable  for  applications  up  to  about 
250  volts  d.c.  They  have  been  rede¬ 
signed  for  improved  performance. 
CE-201  has  a  special  long-pin  in- 


H*adquart«is  ior  cameras,  photo 

accBHorios  and  dark  room  suppliM  .  .  . 
everything  ior  the  commercial  —  and  in¬ 
dustrial  photo  laboratory.  Inquirios  on 
cameras  and  photo  equipment  invited. 

Catalog  E6  on  request. 


CHICAGO  4 


DO  YOU 
NEED 
TRAINED 
HELP? 


dustrial  base,  and  is  interchange¬ 
able  with  other  tubes  of  the  same 
characteristics.  CE-200  has  a 
standard  4-pin  base.  They  are  de¬ 
signed  to  eliminate  the  cost  of  in¬ 
stalling  two  sockets  to  provide  full- 
wave  rectification.  Bulletin  No.  Ill 
covers  both  types. 

CE-202  is  a  long  life,  high  effi¬ 
ciency  rectifier  tube  designed  par¬ 
ticularly  for  the  250-volt  d-c  field 
and  may  be  used  in  applications 
where  d.c.  is  required  for  operation 
of  d-c  motors,  magnetic  chucks, 
magnetic  brakes  from  a-c  lines.  It 
is  rated  15  amp  d-c  output;  900 
volt  inverse  peak;  arc  drop  7.5 
volts.  Guaranteed  for  2,000  hours 
operation  it  may  be  used  in  most 
conventional  250-volt  d-c  circuits. 
Bulletin  No.  108. 

CE-222  (3B22)  is  a  new  xenon- 
filled  full-wave  rectifier  and  is  in¬ 
terchangeable  with  other  tubes 
designated  as  RMA  3B22.  It  has  a 
d-c  output  current  rating  of  1  amp 
continuous;  average  arc  drop  is  8 
volts.  Bulletin  No.  115. 

CE-303  is  a  1-amp  xenon-filled 
thyratron  especially  designed  for 


You  get  inaxiiniini  power 
per  ounce  of  weight  in  this 
small  fractional  II. P. 
Motor.  Designed  for  S|>eeds 
from  3,000  to  20,000  R.P.M 
and  for  voltages  from  6  to 
115.  Engineered  to  your 
exact  j>erformance  speci¬ 
fications.  Precision-built  of 
quality  materials  for  long 
life,  dependable  operation. 
How  many  do  you  need — 
and  when? 


For  many  years  we  have  been 
training  and  placing  men  for 
electricity,  radio,  and  elec¬ 
tronics.  Write  and  tell  us 
about  the  jobs  you  have  open. 
Whether  in  immediate  need  of 
help  or  not,  registering  your 
company  with  our  Placement 
Service  gives  you  first  choice 
of  available  National  trained 
men  in  your  vicinity. 

NATIONAL  SCHOOLS 

BrtablUhed  190S 

4000  South  Figueroa  Street 
Los  Angeles  37,  California 


Monufacturari  ol  special  small  universal,  frac- 
tianal  H.  P.  motors,  dynamotors,  shaded  pole 
motors,  heater  motors,  generators. 


Design  •  Engineering  •  Production 
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*Und*r  a  tatt  pull  of  730  lb>.  tfio  head  pulled  off  this  LS1127-6-10  Cherry  Rivet  but  there  wot  no 
movement  of  the  shank  in  the  blind  hole. 


CHERRY  RIVETS.  THEIR  MANUFACTURE  AND  ARFUCATION  ARE  COVERED  BT  U.S.  PATENTS  ISSUED  AND  PEN0IN6 
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BUT  IT  PROVES  CHERRY 
RIVETS  HAVE  WHAT  IT  TAKES! 


Cherry  Rivets  weren't  made  to  do  tricks 
with.  But  this  trick — supporting  a  couple  of 
husky  bone-crushing  palookas  from  a  single 
Cherry  Rivet,  expanded  (not  headed)  in  a 
solid  bar  of  metal — proves  that  Cherrys 
have  more  than  enough  shank  expansion 
for  any  kind  of  job.* 

Cherry  Rivets  are  headed  with  a  pull — 
not  a  pound.  And  so  they  work  especially 


well  in  plastics,  soft,  pliable  or  brittle  ma¬ 
terials,  as  well  as  for  all  blind  riveting  in 
metal.  The  job  is  done  from  one  side  only — 
no  bucking  bar  or  backing  up  of  any  sort. 


Get  this  Handbook  A-43  with  the  complete  story 
of  Cherry  Rivets.  Write  Dept.  A-120,  Cherry 
Rivet  Co.,  231  Winston  Street,  Los  Angeles  13. 


Hcre’i  o  cfoie-up  of  how  fhe  Cherry 
Rhref  it  fatimnmd  fight  in  a  tolid  bote. 
NoYe  it  holds  by  thank  nxpaniion 
o/one  — no  head. 


ffere't  a  praotkal  appikation  of  this 
Cherry  odvonfoge-fo  falcon  name 
plaimt  on  a  tsslid  host.  Of  course 
many  ethor  such  uses. 


d 


Standard  and  CUSTOM  CONSTRUCTION 
to  meet  all  specifications 


Prompt 

engineering  service 
always  availoble 


HERCULES  ELECTRIC  &  MFG.  CO. 

INCORPORATED 

2416  ATLANTIC  AVENUE  ★  BROOKLYN  33,  N  Y 


industrial  application  such  as  weld¬ 
ing  control,  motor  control,  and  con¬ 
trolled  rectifiers.  Inverse  peak 
voltage  rating  is  700  volts.  The 
tube  draws  low  critical  grid  cur¬ 
rent,  the  maximum  limit  being  5 
microamp;  it  has  a  standard  4-pin 
base.  Bulletin  No.  114. 

CE-305  is  a  gas-filled  thyratron 
introduced  as  a  medium  current 
tube.  It  uses  a  standard  4-pin  base 
and  has  a  maximum  inverse  peak 
rating  of  1,700  volts;  a  d-c  output 
current  rating  of  2  amp.  It  may 
also  be  used  in  industrial  control 
applications.  Data  sheet  No.  116. 

CE-306  is  a  gas-filled  grid  con¬ 
trol  tube  (thyratron  designed).  It 
is  rated  6  amp  continuous  load; 
peak  forward  volts  (maximum)  is 
750.  Mechanical  dimensions  are 
inches  high  and  2  inches  in  diam¬ 
eter.  It  is  for  industrial  control 
applications.  Bulletin  No.  118. 

CE-872A  is  a  mercury  vapor 
high-voltage  rectifier  tube  and  may 
be  used  in  radio  transmitters,  or 


For  a  dependable  source  oi  electricity  on  projects  remote 
from  commercial  power,  Onan  Electric  Plants  ore  proren 
leaders  in  the  field.  More  than  half  oi  the  Armed  Forces' 
total  requirements  for  Power  Plants  are  built  by  Onon. 

.  .  Single-imit,  compact  design  .  .  .  Study 
Suitable  for  mobile,  stationary  or  emer- 


Gasoline-driTen 
construction  .  . 
gency  serrice. 


OTer  65  models,  ranging  in  sizes 
from  350  to  35,000  watts.  50  to  800 
cycles,  115  to  660  Tolts,  A.C. — 6  to  4000 
volts,  D.C. — Also  dual  A.C. — D.C.  out¬ 
put  types. 


Descriptive  literature 
sent  promptly  on  request. 


D.  W.  ONAN 
&  SONS 

3253  Royalston  Ave. 
MINNEAPOLIS  5. 
MINNESOTA 


for  high  frequency  heating  equip¬ 
ment.  It  is  rated  10,111-volts  in¬ 
verse  peak,  and  1.25  amps  d-c  out¬ 
put.  It  may  be  used  to  replace  tube 
types  872,  872A/872  and  872A 
made  by  other  manufacturers. 

Continental  Electric  Co.,  Geneva, 


Comniiinication  Without 
Radio 

This  portable  sound  system  is  sup¬ 
plied  with  a  self-contained  power 


DC  and  AC  WEIOERS  •  TRANSFORMERS  •  AAAGNETIC  CLAMPS  >  SOLENOIDS  •  RIVET  HEATERS 
SPOT  WELDERS  •  FLUORESCENT  6ALLASTS  •  SPECIAL  CONTROLS 


July  — ELECTRONICS 


Wmm" 


nltLECTIHC 


IGHER 
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SUPERIOR  J»NISH 


O  lo  the  interest  of  better  electrical  coil  winding,  will  you  do  these 
three  things: 

1.  Study  our  detailed  test  reports  on  Kappa  Tapes  which  we  will  send 

you  on  request. 

2.  Carefully  examine  the  superior  weave  and  smooth  surface  of  this 

cellulose  acetate  rayon  material. 

3.  Make  a  test  winding  in  your  own  plant  with  the  full  length  Kappa 

Tape  samples  we  will  supply. 

We  assure  you  of  taped  windings  that  look  far  superior  to  the  average 
job  when  varnished... a  smooth,  unbroken,  completely  sealed  surface  that 
may  test  up  to  50%  higher  in  dielectric  breakdown. 

Or  conversely,  the  same  dielectric  strength  may,  in  many  cases,  be  ob¬ 
tained  with  fewer  varnish  dips  .  .  .  saving  both  time  and  materials. 

Another  important  advantage  is  the  thin,  homogeneous  windings,  made 
extremely  compact  through  less  varnish  build-up . . .  yet  providing  the  same 
degree  of  protection  against  burn-outs,  plus  considerable  space- savings. 

In  addition,  the  moisture  absorption  of  Kappa  is  50%  that  of  cotton  . .  . 
of  siilt  tapes. 

Write  for  full  length  test  samples,  prices  and  specifications.  Wm.  £. 
Vi'right  &  Sons  Co.,  Industrial  Textile  Div.,  Bridge  St.,  West  Warren,  Mass. 


This  comprebemsivt  itch- 
nical  bulletin  .  .  .  sent 
on  request ,  .  .  gives  de¬ 
tailed  results  of  physical 
and  electrical  tests. 
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BIRTCHER 

STAINLESS  STEEL 
LOCKING  TYPE 

TUBE 

CLAMPS 


S*riM  926 

f  >  r '  for  Chassis  Mountod 

Glass  Tubes 


Series  930 

for  Sub^hassis  Mounted 
Glass  Tubes 


Series  929  For  Metal  Tubes 


Uricher  Clamps  ore  switoble  in  all 
applications  roquiring  a  sturdy, 
pesHive-action  dovico  for  socwrely 
holding  tubes  ond  simiiar  plug*in 
components  in  their  sockets  under 
extreme  vibration  stresses. 

PROMPT  DELIViRY 
Somples  and  Prices  Upon  Request 


supply  having  acoustic  output  of 
95  db  at  100  feet.  Reception  at  sea 
is  good  up  to  2  miles,  on  land  up  to 
i  mile.  Power  requirements  are  re¬ 
duced  to  approximately  85  percent 
during  standby  periods  by  the  use 
of  a  press-to-talk  switch  (located 
in  the  microphone  handle)  which 
automatically  connects  the  power 
supply.  The  unit  may  easily  be  car¬ 
ried  by  one  person  (it  weighs  39i 
lb  including  microphone,  amplifier, 
power  supply  and  loudspeaker). 
The  system  is  especially  useful  in 
ship-to-ship  communication  where 
the  use  of  radio  may  be  dangerous 
or  in  situations  that  require  vocal 
control  over  great  distances. 

Newcomb  Audio  Products  Co., 
2315  S.  Hill  St.,  Los  Angeles  7,  Cal. 


Continuity  Tester 

This  new  continuity  tester  checks 
for  an  open  circuit  or  a  short  in 
coils,  fuses,  lamps,  tubes,  appli¬ 
ances,  and  in  more  complex  as¬ 
semblies.  The  unit  lights  up  at  the 
point  of  application  and  eliminates 


To  Serve  You  Better 

AN  ALTERNATE  SOURCE 
OF  GENUINE  BIRTCHER 
TUBE  CLAMPS 

• 

Prompt  Delivery 

• 

We  are  fully  licensed  to  manufacture 
the  complete  BIRTCHER  line  of  locking 
type,  stainless  steel  tube  clamps.  Orders 
placed  with  us  for  prompt  delivery  using 
BIRTCHER  port  and  identification  num¬ 
bers  will  be  filled  at  pyices  as  favorable 
as  those  to  which  you  ore  accustqmed. 
All  clamps  will  be  identical  with  those 
manufactured  by  the  Birtcher  Corpora- 


IICENSED  M  t  N  g  r  *  C  I  U  R  (  • 

or  inTCMti  rgit  cisun 

THl  GIORCE  S.  THOMPSON 

CORPORATION 

5420  HUNTINGTON  DR. 

LOS  ANGELES  32,  CALIF. 


the  need  for  looking  back  and  forth 
at  a  meter.  The  tester  is  applicable 
to  intermittent  or  production  test¬ 
ing. 

Walker-Jimieson,  Inc.,  311  S. 
Western  Ave.,  Chicago  12,  Ill. 


Direct-Reading  Megohmeter 

Model  404-F  megohmeter  permits 
rapid  measurement  of  resistance 
from  400  megohms  to  100,000 
megohms.  It  is  especially  designed 
for  checking  condenser  dielectric, 
but  may  be  used  for  other  high 
megohm  testing,  or  for  production 
testing.  A  built-in  current  limiter 
prevents  damage  to  the  instrument 
if  the  test  terminals  are  accidentally 
shorted.  The  resistance  values  are 
measured  under  an  applied  d-c  po¬ 
tential  of  90  volts  and  are  indicated 
on  an  individually  calibrated  scale. 
Accuracy  is  rated  at  5  percent. 


FLEXIBLE  SHAFTS 

that  carry  power  around 
any  corner  is  our  spe¬ 
cialty.  Faithful,  depend¬ 
able  power  drives  or 
remote  control  in  air¬ 
planes,  tanks,  signal 
corps  radio,  and  many 
other  war  and  commer¬ 
cial  products.  Shafts 
made  to  your  specifica¬ 
tions.  Our  engineering 
department  will  work 
out  your  particular 
power  problem  without 
obligation. 

Write  today  for 
Manual  D. 


West  Coait  Branch  431  Venice  Blvd.,  Loe  Antelet,  Calif. 


Xhe  dependable  delivery  of  any  urgent  message, 
anywhere,  may  be  commonplace  very  soon  now.  The 
speed  with  which  the  electronic  industry  has  created 
wonders  for  the  war  promises  to  match  even  the  most 
startling  dreams  of  a  short  time  ago 
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We  took  twenty-five  peacetime  years  to  become 
America’s  largest  manufacturers  of  portable  phonographs 
— the  famous  Phonola  line.  Now,  after  less  than  four 
years,  we  are  old  hands  at  building  electronic  equipment 
for  our  fighters.  And  our  war-spurred  progress  inspires 
us  to  keep  going ...  to  increase  our  former  service  to 
normal  civilian  life.  So,  when  Victory  releases  all  the 
war-vital  electronic  discoveries,  look  for  a  still  finer 
Phonola  plus  a  worthy  companion  line  of  new  Waters 
Conley  devices  —  all  aimed  to  better  yesterday’s  dreams  of 
tomorrow  and  today’s  hopes  for  peace. 


WATERS  CONLEY  COMPANY,  ROCHESTER.  MINN. 
17  East  42nd  St.,  New  York  224  South  Michigan  Ave.,  Chicago 
VAnderbilt  6-2079  HARrison  1880 


They 
are 

Pointed  in 
Protest  Against 

VIBRATION 


Beg.  U.  S.  Pat.  Off. 


SELF-LOCKING 
HOLLOW  SET  SCREWS 


KNURLED  POINTS 


.  ,  .  and  because  the  points  of  "Unbrako" 
Self-Locking  Hollow  Set  Screws  are  knurled, 
no  amount  of  shaking,  knocking  and  whirling 
of  moving  machine  parts  can  loosen  them, 
once  they've  been  tightened  into  place  like 
any  ordinary  socket  screw.  Yet  they  can  be 
removed  by  means  of  a  wrench,  and  used 
over  again  any  number  of  times.  Like  all 
Unbrako  Socket  Screws  they  are  turned  out 
uniformly  and  accurately  to  extremely  close 
limits.  They  are  made  of  up-to-the-minute  al¬ 
loys,  specially  heat  treated  for  great  strength 
and  accuracy.  Sixes:  No.  4  to  M/2"  diameter. 
Catalog  gladly  sent  upon  receipt  of  request. 


Knurling  of  Socket  Screws  originated  with  "UNIRAKO"  years  ago. 


STANDARD  PRESSED  STEEL  CO. 


BRANCHES:  BOSTON 


JENKINTOWN,  PENNA.,  BOX  596 

DETROIT  .  INDIANAPOLIS  .  CHICAGO  .  ST.  LOUIS  .  SAN  FRANCISCO 


Controls  consist  of  a  master  switch, 
range  selector,  and  zero  adjustor 
and  these  are  conveniently  grouped 
on  the  front  panel  which  also  con¬ 
tains  the  resistance  indicating 
meter,  pilot  lamp  and  a  terminal 
strip.  This  is  made  of  high  re¬ 
sistance,  non-hygroscopic  material 
so  as  to  avoid  error  caused  by  hu¬ 
midity.  The  measuring  circuit,  in¬ 
cluding  its  110  volt,  60  cps  power 
supply  and  test  battery,  is  con¬ 
tained  in  a  steel  housing  which 
measures  8  x  10  x  8  inches.  A 
hinged-top  panel  gives  access  to  the 
interior. 

Technical  Apparatus  Co.,  1171 
Tremont  St.,  Boston  20,  Mass. 


'  Adjustable  Actuator 
Bracket 

I  This  adjustable  actuator  bracket 
I  ( designated  as  AD-5721-R)  for 
I  Type  R31  Micro  Switches  permits 
!  adjustment  on  the  job  of  both  the 
I  operating  point  and  the  pretravel. 

I  Control  elements  of  the  bracket  are 
!  sufficiently  protected  against  tam- 
i  pering.  Tabs  on  the  bracket  and  the 


PRESTO 


VITREOUS  ENAMEL  and 
^  PRECISION  WIRE  WOUND 

75  Winding  Machines 

BatkhJ  by  20  years  ofWiudhig  ExperhiKe 


lever  arm  are  bent  to  change  the 
mechanical  characteristics  of  the 
unit,  and  bending  the  tab  one  way 
or  another  controls  the  pretravel  or 
operating  point.  Micro  Switch  R31 
is  easily  and  quickly  assembled  into 
the  steel  bracket. 

Micro  Switch  Corp.,  Freeport,  Ill. 


ALSa 


TEtEPHONE  SWITCH  KEYS  and  JACKS 

ToIgdIicmm  Communication  and  Cable  Assemblies  ^ 


Universal  Bridge 


Model  No.  1010  is  a  complete,  self- 
contained  unit  which  measures  in¬ 
ductance  with  superimposed  d.c. 
Measurement  of  resistance  can  be 
made  in  ranges  from  10'  to  10'“ 
ohms,  with  an  accuracy  on  the 
1-ohm-to-l-megohm  range  rated  at 
i  percent;  below  1  ohm  and  from 


-  -PROMPT 
'  DBIVERY 


PRESTO  ELECTRIC  COMPANY 


Manufacturers  of  Signalling  Devices 
45-11  NEW  YORK  AVE.  UNION  CITY,  N.  J. 
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U.  S.  Army  Signal  Corps  Photo 


FUNGUS  RESISTANT  LACQUERS 

Protecting  The  Lifeline  of  Communications 

DULAC  FUNGUS  RESISTANT  LACQUER  #86-A 

Contains  non-mercury  bearing  Fungicide.  High  Solids  and  good  moisture  resistance. 

DULAC  FUNGUS  RESISTANT  LACQUER  #96-A 

Contains  mercury  bearing  Fungicide.  High  solids  and  good  moisture  resistance. 

Two  high  grade  moisture  and  Fungus  Resistant  coatings  mode  to  meet  Signal  Corps 
Specification  ^71-2202-A  doted  April  12,  1944,  the  fungicides  meeting  the  require¬ 
ments  of  the  Signal  Corps  and  the  Navy. 

Fungus  Resistant  Varnishes  available  on  request. 

Send  for  Bulletin  “Fungus  Resistant  Lacquers  for 
Tropicalization  of  Radio,  Signal  and  Communication  Equipment.” 


MAAS  &  WALDSTEIN  COMPANY,  NEWARK,  N.  J. 

PRODUCERS  OP  LACQUERS,  ENAMELS,  SYNTHETICS  AND  SPECIALTY  FINISHES  FOR  ALL  PURPOSES 

Branch  Offices  &  Warehouses:  1658  Carroll  Ave.,  Chicago,  III.  •  1228  W.  Pico  Blvd.,  Los  Angeles,  Calif. 
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WORCESTER,  MASSACHUSETTS 


facsimile 


For  the  p  r  •  s  •  n  t,  Finch 
manufacturing  facilities  ara 
being  devoted  to  special 
radio  apparatus  for  .  .  . 


1,000  01 

ON  BOTH 


SPINTITES  ARE 
REAL  SPEED  UP 


1  megohm  to  100  megohms,  1  per¬ 
cent,  and  above  100  megohms  the 
error  increases  to  5  percent.  The 
capacitance  range  is  10*  to  100 
microfarads.  Accuracy  on  these 
ranges  are  100  fx/xf  to  1  /xf  within  i 
percent  and  on  other  ranges  the  ac¬ 
curacy  is  rated  within  2  percent. 
Inductance  measurement  (with  no 
d.c.  flowing)  ranges  from  10*  to 
100  henrys.  Accuracy  on  induc¬ 
tance  measurements  are  100  /xh  to 
1  h,  within  1  percent.  Other  ranges 
are  within  2  percent.  Inductance  of 
iron-cored  chokes  ahd  transformers 
can  be  measured  with  up  to  600  mil- 
liamps  of  d.c.  flowing.  Facilities  for 
measurement  of  frequency,  Q,  and 
power  factor  are  included  in  the 
bridge.  The  bridge  contains  a  1 
megohm  resistance  decade  in  steps 
of  1  ohm  (this  is  brought  out  to 
terminals  so  that  it  can  be  used  ex¬ 
ternally.)  An  additional  feature  is 
the  provision  to  plug  in  external 
facilities  such  as  outside  standards, 
oscillators,  null  indicators,  and  other 
instruments. 

White  Research  Associates,  899 
Boyleston  St.,  Boston  15,  Mass. 


TOOLS*  This  is  the^ 

WRENCH  that  works 
like  a  SCREW  DRIVER 

Standard  sixes  for  Hcx> 
agon  nuts  or  headed  / 
screws  .  .  .  special  / 
SPINTITES  for  square  / 
or  knurled  nuts.  Han*  m 
dies  are  either  fixed  ^ 


f  Pleadu 

A.C.  AND 
UP  TO  — 

1500  VO 

A.C.  CURI 

3  AMPEV 

D.c.  CURI 

30  AMPE 

RESISTANC 

10  MEG( 


U.  S.  SIGNAL  CORPS 
U.  S.  NAVY 

U.  S.  ORDNANCE  DEPT. 
F.  C.  C.  F.  B.  I. 

U.  S.  TREASURY  DEPT. 


WAR  MANUFACTURERS 


TELECOMMUNICATIONS.  Inc. 
PASSAIC.  N. 


*Uses  N 
*Direcf 
to-Rea( 
*Housec 
*Compl( 

A  400  Micro 
sensitivity  of 
method — usin{ 
ampere  meter 
at  all  times  s 
is  used  for  al 
insure  accurat 


Wanted 

ENGINEERS 


•  Radio 

•  Chtmical 

•  Electrical 

•  Electronic 

•  Mechanical 

•  Metallurgical 

•  Factory  Planning 

•  Materials  Handling 

•  Manufacturing  Planning 

Work  ia  eenaoetiea  with  the  moanfacturo  of 
a  wide  varioty  of  mw  and  advanced  types 
of  communications  eqnipment  and  special 
electronic  products. 

Apply  for  write),  givleg 

full  quaflfleotlons,  to: 

C.  R.  L. 

EMPLOYMENT  DEPARTMENT 

Western  Electric  Co. 

100  CENTRAL  AV..  KEARNY,  N.  J, 

Applicants  must  comply  with  WMC  regulations 


Pulse  Generator 

This  instrument.  Model*  700- A,"  is 
designed  for  laboratory  use  iji  the 
development  of  electrical  apparatus 
in  which  pulse  generation  or  trans¬ 
mission  is  an  important  character¬ 
istic.  It  is  essentially  a  signal  gen¬ 
erator  of  d-c  pulses.  Specifications 
of  the  instrument  are:  Pulse  am¬ 
plitude,  0.03  to  20  volts  from  a  cali¬ 
brated  attenuator  with  an  accuracy 
of  rtlO  percent;  pulse  duration,  0.4 
to  120  microseconds  in  four  ranges 
calibrated  to  0.05  microseconds  or 
3  percent,  whichever  is  the  greater 
(for  higher  pulse  rates  the  dura¬ 
tion  is  limited  to  40  percent  of  a 
cycle) ;  pulse  form,  leading  and 
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The  Hew  Mod*/  710 


VOLT  -  OHM  -  MILLIAMMETER 

NOW  AVAILABLE  FOR  PROMPT  DELIVERY  ON 
PRIORITY  OF  AA3  OR  BETTER!! 

SenAitivit^—  . . . . . 

1,000  OHMS  PER  VOLT 

ON  BOTH  A.C.  AND  D.C.Il  I 

IfFjeaAureA: — 

A.C.  AND  D.C.  VOLTAGES 
UP  TO  — 

1500  VOLTS 

A.C.  CURRENT  UP  TO  — 

3  AMPERES 

D.C.  CURRENT  UP  TO  — 

30  AMPERES 

RESISTANCE  UP  TO  — 

10  MEGOHMS 

JeatureA: — 

*Uses  New  41/2"  Square  Rugged  0-400  Microampere  Meter. 

*Direct  Reading — All  Calibrations  Printed  Directly  on  Meter  Scale  in  Large  Easy- 
to-Read  Type. 

’•'Housed  in  Rugged  Heavy  Duty  Portable  Oalc  Cabinet. 

*Completely  self-contained — No  external  Source  of  Current  Required. 


A  400  Microampere  meter  movement  is  shunted  to  provide  a 
sensitivity  of  1,000  Ohms  Per  Volt  on  both  A.C.  and  D.C.  This 
method — using  a  400  Microampere  meter  instead  of  a  1  Milli- 
ampere  meter — affords  improved  damping  because  the  meter  is 
at  all  times  shunted  by  a  resistance.  An  Ayrton  universal  shunt 
is  used  for  all  current  and  resistance  ranges.  Paired  multipliers 
insure  accuracy  of  all  voltage  ranges  and  in  addition  two  indi¬ 


vidual  master  calibrating  adjusters  enable  precise  calibration  of 
all  A.C.  and  D.C.  Voltage  Ranges.  An  almost  perfectly  linear 
A.C.  scale  is  provided  by 'using  a  special  copper  oxide  rectifer 
unit  which  has  an  inverse  to  forward  "a"  resistance  ratio  of  better 
than  400  to  1.  Although  the  current  carrying  capacity  of  this 
rectiher  is  15  ma..  a  maximum  of  1  Milliampere  is  permitted 
to  pass  through  the  unit.  This  insures  minimum  heating  in  the 
rectifier  unit  guaranteeing  high  stability  of  all  A.C.  calibrations. 


.Specif icationA: — 


6  D.C.  VOLTAGE  RANGES  (1000  OHMS  PER  VOLT) 

0  to  1 5/60/ 1 50/300/600/ 1 500  Volts. 

6  A.C.  VOLTAGE  RANGES  (1000  OHMS  PER  VOLT) 

0  to  15/60/150/300/600/1500  Volts. 

7  D.C.  CURRENT  RANGES: 

0  to  3/15/60/150  MilUamperes  0  to  3/15/30  Amperes. 

A.C.  CURRENT  RANGE: 

0  to  3  Amperes. 

5  RESISTANCE  RANGES: 

0  to  1,000/10,000/100,000  Ohms.  0  to  I  Megohm  0  to  10  Me 


0  to  I  Megohm  0  to  10  Megohms. 


The  MODEL  710  comes  complete  with  cover,  self-contained  batteries,  test  leads  and  ^ 
instructions.  Size  6"  x  10"  x  10".  Net  weight  1 1  pounds.  Price . .  ^ 

SUPERIOR  INSTRUMENTS  CO.,  Dept.  M, 

227-A  FULTON  STREET.  NEW  YORK  7,  N.  Y. 
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trailing  sides  of  the  pulse  each  con¬ 
sume  approximately  0.15  micro¬ 
second  or  1  percent  of  the  pulse 
length,  whichever  is  greater.  Top 
is  flat  to  within  1  percent;  pulse 
polarity,  either  positive  or  negative 
pulses  are  obtainable  by  means  of  a 
switch;  pulse  repetition  rate,  inter¬ 
nal  oscillator  gives  either  500  or 
5,000  pulses  per  second. 

External  oscillator  gives  50  to 
20,000  pulses  per  second,  with  exci¬ 
tation  of  2  volts  rms  sine  wave  out¬ 
put  impedance  is  rated  100-ohm- 
termination  at  end  of  a  three  foot 
line;  high  amplitude  pulse,  a  nega¬ 
tive  pulse  of  30  to  100  volts  at  1,000 
ohms  impedance  is  supplied  on  sep¬ 
arate  terminals.  The  sides  of  this 
pulse  each  consume  approximately 
0.3  microseconds  or  2  percent  of  the 
pulse  length,  whichever  is  greater; 
sweep  voltage,  sine  sweep  7  volts 
peak  to  peak,  phase  continuously 
variable  throughout  360  deg.  Ex¬ 
panded  sweep  4  volts  peak  to  peak, 
duration  approximately  10  deg, 
with  adjustment  to  center  the  pulse ; 
synchronizing  pulse,  positive  pulse 
of  approximately  20  volts;  advance 
pulse,  a  positive  pulse  of  80  volts 
(rising  to  50  volts  within  0.25  mi¬ 
croseconds)  ,  and  leading  the  output 
pulse  by  0.5  microsecond,  for  slave 
sweep  oscilloscope  operation.  Stray 
fleld  is  negligible. 

The  instrument  is  supplied  with 
removable  line  cord,  output  cable, 
and  an  instruction  book.  It  is 
housed  in  a  metal  cabinet  whose 
panel  is  standard  rack  and  panel 
size.  Dimensions  of  the  cabinet  are 
19i  X  14i  X  13i  inches  and  of  the 
panel  19  x  14  x  13i  inches. 

Model  700-A  is  available  only  for 
115  volt,  60  cps  a-c  supply  from 
Colonial  Radio  Corp.,  Buffalo  7, 
N.  Y. 


New  Tubes 
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Extensive  research  and  manufacturing 
development  has  been  put  back  of  the 
various  G.  A.  W.  Carbonyl  Iron  Powders 
— used  by  leading  core  manufacturers. 
Powders  with  different  characteristics 
are  available  for  specific  radio-elec¬ 
tronic  applications. 
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Radio  Corp 
Victor  Div.,  C 


Write  for  samples  and 
further  information. 


GENERAL  ANILINE  WORKS 

4  division  of 

General  Aniline  and  Film  Corporation 

435  Hudson  St.,  New  York,  N.  Y. 


Manufacturers  and  Sole  Distributors 


BUTTON  TYPE.  FLAT  OR  STEPPED  TYPE 


SQUARE,  OBLONG  AND  ROUND 


CLOSEST  TOLERANCES 


Relay  Contactor 

This  relay-contactor  is  for  use 
in  heavy  duty  circuit  control  appli¬ 
cations.  Single  or  dual-voltage  op¬ 
erating  coils  for  all  standard  volt¬ 
ages  are  available.  Standard  units 
are  conservatively  rated  30  amp  at 
110  volts,  20  amp  at  220  volts,  or  10 
amp  at  440  volts.  The  contact  car¬ 
rying  bridges  are  designed  for  a 
wide  range  of  contact  arrange¬ 
ments. 

Glenn-Roberts  Co.,  2107  Adams 
St.,  Indianapolis  1,  Ind. 


Portable  El 


EXCELLENT  FINISH 
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MINIMUM  LAPPING 

GREAT  SAVINGS  IN  MAN  HOURS 
AND  COSTS 


PROMPT  DELIVERIES 

Send  for  full  information 
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Chicago 


New  Tubes 

rwo  NEW  TUBE  TYPES  include  a 
niniature  thyratron  which  is  desig¬ 
nated  as  RCA-2D21.  It  weighs 
^lalf  an  ounce  and  measures  15 
inches.  The  tube  provides  stable 
nperation  and  a  high  control-ratio 
for  a  variety  of  functions  as  an 
electronic  switch.  It  is  particu¬ 
larly  useful  for  control  jobs  where 


lightness  and  small  size  are  essen¬ 
tial  factors.  The  tube  will  carry  0.1 
amp  plate  current  continuously,  | 
and  for  periods  up  to  6  seconds 
out  of  30  will  safely  carry  0.5  amp.  i 
It  uses  xenon  filling  instead  of  mer-  J 
cury  vapor. 

The  second  tube  is  designated  ! 
RCA931-A.  It  has  a  sensitivity  of 
2  amp  per  lumen  when  operated 
at  100  volts  per  stage.  This  tube  is 
a  9-stage  multiplier  phototube 
which  is  capable  of  amplifying  sig¬ 
nals  200,000  times  and  more,  and 
may  be  used  in  astronomical 
studies  to  measure  intensity  of  star¬ 
light,  or  in  quantitative  spectro- 
graphic  analysis.  Sensitivity  is  ob¬ 
tained  by  the  use  of  secondary 
emission  as  cathode  electrons  which 
are  impelled  against  nine  succes¬ 
sive  dynodes  before  they  reach  the 
plate.  The  electron  current  is  mul¬ 
tiplied  by  the  release  of  secondary 
electrons  at  each  dynode. 

Radio  Corp.  of  America,  RCA 
Victor  Div.,  Camden,  N.  J. 


Portable  Electric  Megaphone 

The  equipment  is  for  police  and 
fire  departments  and  other  protec-  ' 
tive  organizations.  The  manufac¬ 
turer  states  that  under  favorable 
conditions  intelligible  speech  can 
be  projected  up  to  one-half  mile; 
and  under  normal  conditions  on  j 
ships,  the  megaphone  transmits 
voices  clearly  at  one-quarter  of  a 
mile.  Condensers,  resistors,  and 
component  parts  are  easily  access¬ 
ible  for  servicing  and  replacement. 
Both  the  speaker  and  the  micro- 


TRAN 


CES 


zation 


er  js  an  organi 


ng  exclusively  in  the 


design  and  mai^itiHure  of  all  types  of  small 
transformers  and  reactors. 

Housed  in  our  modern  daylight  plant  are 
complete  laboratory  and  plant  facilities  for 
the  handling  of  every  operation  in  the  manu¬ 
facture  of  fine  transformers. 


phone  are  made  with  water-proofed, 
molded  phenolic  diaphragms.  The 
unit  consumes  power  only  during 
actual  transmission  of  voice.  The 
batteries  operate  for  approximately 
40  hours  or  more.  The  megaphone 
cabinet  is  waterproof  and  measures 
9J  X  4i  X  7i  inches.  It  weighs  Hi 
lb.  The  speaker  is  13i  inches  long 
(with  a  73-inch  diameter  bell  open¬ 
ing).  The  complete  unit  weighs  15 
lb.  5  ounces. 

National  Scientific  Products  Co., 
5013  N.  Kedzie  Ave.,  Chicago  25, 
IlL 
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SEMI-INSULATED 
CERAMIC  RESISTORS 
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The  Daven  < 
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Wire  Printer 

Model  PW  high  speed  rotary  mul¬ 
tiple  wire  printer  will  print  up  to 
four  wires  simultaneously  with  the 
same  or  independent  markings  on 
each  wire.  A  variation  of  Model 
PW  is  Model  PW-2  which  has  the 
same  characteristics  as  Model  PW 
but  which  is  capable  of  printing 
on  two  sides  of  the  wire  at  one  time. 
The  imprints  may  be  closely  spaced, 
and  the  machines  will  print  diam¬ 
eters  from  No.  22  to  I  inches  on  6, 
3  or  2-inch  intervals  without  af¬ 
fecting  the  speed  of  the  wire  travel. 
Reels  are  available  which  will  feed 
long  runs  of  wire  into  the  printing 
machine,  or  an  operator  may  feed 
lengths  as  short  as  2  inches  into  the 
four  printing  locations.  Changes 
of  spacing  for  printing  is  made  by 
changing  the  printing  wheel.  Quick, 
interchangeable  type  inserts  are 
used.  The  equipment  is  supplied 
with  ink  reservoir  mechanisms 
which  are  self-contained  and  in¬ 
stantly  removable.  Spare  reser¬ 
voirs  are  available  for  quick  color 
changes. 

Markem  Machine  Co.,  Keene, 
N.  H. 


Hermetic  S 
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•  Low  ohmic  values  are  made  in 
body  type  "CX”  only  whereas 
type  "A”  body  is  offered  in  a  wide 
range  of  resistance  values. 

Globar  Brand  Resistors  are  un¬ 
usually  rugged  as  your  tests  will 
prove.  Those  illustrated  are  stand¬ 
ardized  sizes  and  resistance  values. 
In  case  you  require  resistors  having 
special  characteristics  we  can  fur¬ 
nish  them.  Larger  units  or  special 
sizes  can  be  provided. 

Write  us  outlining  your  resistor 
problem,  it  will  receive  prompt 
and  careful  consideration. 


'  You  can  count  on 
Wincharger  Anten¬ 
na  T  owers.  They 
combine  strong  effi¬ 
cient  coverage  v/ith 
built  to  last  quali¬ 
ties  that  insure  you 
years  of  service. 

Add  to  these  ad¬ 
vantages  their  strik¬ 
ingly  attractive  ap¬ 
pearance  plus  a  sen¬ 
sationally  low  initial 
cost  and  it's  easy  to 
see  why  an  ever  in¬ 
creasing  number  of 
,  Wincharger  Anten- 
’  na  Towers  are  being 
used  for: 

Commercial  Broadcastiag 
Police  Work 
Signal  Corps  Air  Lmes 
Ordnance  Plants 

To  be  sure  for  years  ahead 
-be  sure  to  specify  Win¬ 
charger  Antenna  Towers. 
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MYSKAl  AND  lUCTIKAl  SKClHaTIONS 
TYK  "A"  MSKTOM 


TYFf  "a"  nSISTORS 


Attenuators 

An  improved  line  of  attenuators 
features  a  detent  gear  which  is  de¬ 
signed  to  provide  more  positive 
action,  a  greater  degree  of  accur¬ 
acy,  more  uniformity  in  operation 
and  a  stronger  stop  mechanism. 
Contacts  and  switches  of  these  at¬ 
tenuators  are  made  of  tamish- 
proof  silver  alloy.  Cleaning  and 
lubricating  of  the  contact  points  is 
unnecessary.  A  steel  cover  protects 
the  resistors,  and  provides  im- 
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Globar  Division 
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NIAGARA  FALLS,  N.  Y. 

rCarborundiim  and  Globar  are  registered  trade  marks  ol 
[and  indicate  manufacture  by  The  Carb^triindiim  Co. 
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proved  magnetic  shielding.  A 
snap-on  cap  makes  switch  blades 
and  contacts  readily  accessible.  The 
attenuators  are  quiet,  and  positive 
values  for  each  setting  of  the  dial 
are  obtained.  They  meet  rigid  spec¬ 
ifications. 

The  Daven  Co.,  191  Central  Ave., 
Newark  4,  N.  J. 


Hermetic  Seals 

Sturdy  and  easy  to  solder  by  means 
of  electronic  heating,  oven  solder¬ 
ing,  iron,  or  torch  methods  are  her¬ 
metic  seals.  They  are  subjected 
during  manufacture  to  a  hydrogen 
pressure  test  for  leaks.  Danger  of 
carbonizing  the  electrode  is  elimi¬ 
nated  by  the  use  of  a  high  flash-over 
voltage  seal  of  glass.  Leakage  re¬ 
sistance  is  30,000  megohms,  mini- 
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•  Adjuttoble  speed  motors 

•  Syncronous  KAotors 

•  Rotery  Electricel  e*i.«oe  e<,u,pme 

•  Dynamotors  and  Inverters 

•  Motor  Generator  sets 

•  Reilroed  C.r  LigMi"?  Seoer.tors 


mum.  Thermal  operating  range  is 
from  —70  deg  to  200  deg  C.  The 
seals  will  withstand  temperature 
changes  of  140  deg  C.  Types  of 
seals  available  include  either  single 
terminals  or  multiple  headers. 
Among  the  types  is  W-100,  a  small, 
one-piece  unit  for  use  on  compo¬ 
nent  parts.  Types  1182  and  1183  dif¬ 
fer  in  size  and  shape  but  both  are 
larger  terminals  for  use  in  higher 
voltage  applications. 

Sperti,  Inc.,  Beech  and  Kenil¬ 
worth,  Cincinnati  12,  Ohio. 


Enclosed  Pilot  Light 

Known  as  Series  #1110,  these  pilot 
lights  are  available  in  several  vari¬ 
ations.  Models  No.  1110  (faceted 
jewel)  and  No.  1111  (plain  jewel) 
take  long  bulbs.  Models  No.  1112 
(faceted  jewel)  and  No.  1113  (plain 
jewel)  take  round  bulbs.  These 
pilot  lights  are  primarily  for  use 
in  ungrounded  panels,  and  all  are 
equipped  with  two  solder  terminals. 
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Specialists 


. .  .  in  Assembly  and  sub-assembly 
of  Precision  Electronic  Products 
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Other  models  available  are  shut¬ 
ter-type  lights  for  applications  that 
require  variable  intensities  for 
varying  conditions.  Ninety-de¬ 
grees  turn  of  a  shutter  provides 
I  gradation  from  bright  light, 
j  through  intermediate  glows  to  a 


•'Complete  Facilities  for  Production 
and  Testing  of  Audio  Equipment 

•  Consult  us  with  your  Production 
'  Assembling  Problems 

RADELL 

CORPORATION 


632 3-2 7  GUILFORD  AVENUE.  INDIANAPOLIS  5.  INDIANA 


MOW  IN  PRODUCTION 

CD-318  A  JK-48  PL-68 

CD-307-A  PL-47  “A"  Plug 

CD-874  PL-54  BC-366 

JK-26  PL-55  BC-347-C 

PE-86  SW-141 

JB-47  TD-3 


RADIO  AND  TELEVISION  CORPORATtON 

1030  W.  VAN  BUREN  ST..  CHICAGO  7.  ILL. 


dim  glow,  or  to  total  blackout.  The 
shutter-type  models  are  No.  1114 
(faceted  jewel)  and  No.  1115  (plain 
jewel)  which  take  round  bulbs. 
They  mount  in  an  11/16  inch  hole 
and  have  i  inch  jewels,  and  can  be 
furnished  with  polarized  lenses. 

Gothard  Mfg.  Co.,  Springfield, 
Illinois. 


H-F  Plastic  Preheating 
Equipment 

ILLITRON  DESIGNATES  a  machine  de¬ 
signed  for  easier  and  faster  pre¬ 
heating  of  plastic  preforms  (such 
as  wood-flour,  rag,  and  mica-filled 
phenolic)  for  multi-cavity  molds. 
The  heating  is  done  between  self- 
adjusting  plates  which  operate  sim¬ 
ilar  to  those  of  a  waffle  iron.  A  heat 
•  retainer  is  incorporated  in  the 
plates  to  maintain  temperature  in 
the  preform  after  the  heating  is 
off  to  allow  more  time  between  pre¬ 
heating  and  press  loading.  An  au¬ 
tomatic  timer  finally  cuts  off  the 
heat,  after  a  predetermined  time. 
Close  temperature  control  is  main¬ 
tained  by  a  meter  which  indicates 
in  watts  the  amount  of  heat  per 
second  that  is  generated  in  the  pre¬ 
forms.  Whenever  an  operator 
changes  from  one  type  of  preform 
to  another,  a  manual  adjustment  is 
made.  A  marking  on  the  heat-rate 
meter  indicates  the  proper  adjust¬ 
ment,  and  this  initial  matching  in¬ 
sures  the  maximum  heating  for  any 
type  and  size  of  preform  within  the 
limits  of  the  unit.  A  power  input 
control  permits  the  operation  of  the 
unit  at  any  power  level  from  zero 
to  its  maximum  rated  capacity.  To 
safeguard  the  operator,  external 
portions  of  the  circuit  are  grounded, 
and  the  power  is  cut  off  by  switches 
when  the  plates  are  open. 


h 


of  mounting,  with  fixed  or  variable, 
internal  or  external  coupling  links. 
There  are  five  standard  diameters 
and  each  diameter  is  available  in 
any  winding  pitch  from  44  to  4  or 
less  turns  per  inch.  Wire  sizes 
range  from  No.  14  to  28  and  any 
type  of  wire  can  be  supplied. 

Barker  and  Williamson,  235  Fair- 
field  Ave.,  Upper  Darby,  Pa. 


Soldering  Irons 

Soldering  irons  (built  in  the  shape  , 
of  pencils,  compact  and  easy  to  | 
handle)  are  designed  for  speedy,  , 
precision  operation  for  the  assem¬ 
bly  and  repair  of  radio  and  radar 
apparatus  and  aircraft  instru¬ 
ments.  A  single  pencil  weighs  3.6 
ounces,  and  measures  7  inches  in 
overall  length.  The  heating  ele¬ 
ments  in  these  irons  heat  in  ap¬ 
proximately  90  seconds,  use  17 
watts  power,  and  may  be  replaced 
instantly  when  necessary.  The 
irons  are  designated  as  Pencil  No.  | 
207  and  sell  at  a  $1.00  each,  in  | 
quantities.  Extra  heating  elements  j 
(No.  536)  sell  at  $0.50  each.  A  pri-  i 


Here's  that  "steady-as-a-rock"  source 
of  d-c  voltage  you  need  for  those 
experimental  hook-ups  around  the  lab. 
It  puts  out  plenty  of  current  for  plate 
circuits— and  holds  the  voltage  "right 
on  the  button"  wherever  you  set  it. 
And  there's  never  any  guess  work 
about  voltage  or  current  —  for  both 
are  continuously  indicated  by  the 
meters  on  the  control  panel.  A-C  out¬ 
put,  too,  is  supplied  for  convenience 
in  energizing  tube  filaments  -  4  am¬ 
peres  at  6.3  volts  (unregulated).  It's 
a  pack  that  has  dozens  of  uses  in  any 
lab  or  test  department,  and  you  can 
have  it  without  a  long  wait  for  deliv¬ 
ery.  Send  your  order  today,  with 
priority  of  AA-5  or  better,  and  we'll 
ship  right  away. 


TECHNICAL  APPARATUS  CO. 

1171  TREMONT  ST.,  BOSTON  20.  MASS.,  U.S.A. 
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The  manufacturer  also  has  avail-  j 
able  equipment  for  high-frequency  j 
dielectric  heating  of  other  mate-  | 
rials,  including  metals.  j 

Illinois  Tool  Works,  2501  N.  j 
Keeler  Ave.,  Chicago  39,  Ill.  ' 


★ 

- Load  Regulation - 

I  %  at  any  load  from 
zero  to  40  watts 

★ 

- Line  Regulation - 

Practically  independent 
of  line  voltage  variation 
from  90  to  135  volts 

★ 

- Voltage  Output - 

Continuously  adjustable 
from  200  to  400  volts  d-c 

★ 

- Current  Output - 

Up  to  200  milliamperes 
at  200  volts;  100  ma.  at 
400  volts 

★ 

-  Continuous  Indication - 
Of  current  and  voltage, 
by  panel-mounted  meters 

★ 

- ■ — Low  Price - 

Only  $135.00 — complete 
with  six  tubes,  a-c  and 
d-c  fuses,  test  cable 
plugs,  and  panel  meters. 
★ 


Miniature  Coils 


New  miniature  inductor  coils  foi 
high-frequency,  tuned,  r-f  circuits 
are  available  in  diameters  from  i 
to  li  inches.  The  units  are  air  1 
wound  to  combine  lightness  of  i 
weight,  maximum  rigidity,  and  ac¬ 
curacy.  The  Q  characteristic  is  | 
high  because  no  insulating  mate-  ; 
rial  is  used  in  the  electrical  field. 
These  coils  are  available  in  any  type 


SPECIALISTS  IN  ACCURATELY  DRAWN  TUBING  AND  METAL  SHIELDED  WIRE 
Factory:  3824-26-28  TERRACE  STREET  •  PHILADELPHIA.  PA. 

■  akNCNES  IN  ALL  PNINCIPAl  CITIES  SALES  DEPT.  21S  OS  27TH  AVE  OAVSIOE.  L.  I.,  N  Y 


ority  number  is  required  on  all  or¬ 
ders, 

Harry  A.  Ungar,  Inc.,  615  Du 
commun  St.,  Los  Angeles  12,  Cal. 


Current  Transformer 

Type  NAS  current  transformer 
is  a  wide-range-accuracy  trans¬ 
former  which  enables  users  to  stock 
only  a  few  sizes  to  cover  the  entire 
field  of  low  voltage  measurements. 
The  instrument  is  made  in  thrEie 
ratios  of  200/5,  400/5  and  600/5 
amp,  insulated  for  circuits  not  to 
exceed  1000  volts  and  capable  of 
high  accuracies  up  to  25  volt-amp. 
The  instrument  is  built  to  AIEE, 
EEI  and  NEMA  specifications. 
Features  of  the  transformer  include 
permanent,  easily  discernible  polar¬ 
ity  markings ;  similar  primary 
mounting  dimensions  on  all  three 
ratios  to  facilitate  interchange- 
ability;  simple  clamping  structure; 
mechanical,  connector-type,  p:.*i- 
mary  potential  terminal;  secondary 
short-circuiting  device;  tamper¬ 
proof  sealing;  and  extreme  ac¬ 
curacy. 

Bulletin  S-502  describes  the  in¬ 
strument  which  is  available  from 
The  Standard  Transformer  Co., 
Warren,  Ohio. 


For  high  acoustical  value,  for  a 

rich  velvety  finish  at  low  cost,  for  ease  and  economy  in  appli¬ 
cation — you'll  find  Cellusuede  Flock  the  ideal  material  for 
coating  the  turntables  on  phonographs.  And  this  is  only  one 
of  the  thousand  ways  to  use  this  versatile  material!  Cellu- 
suede  con  be  applied  to  almost  any  surface  by  sifting  or 
spraying,  and  there  is  a  wide  selection  of  brilliant,  eye- 
catc^g  colors  from  wlfich  to  choose.  Rayon  and  Cotton 
Flock  is  supplied  in  one  pound  bags,  12  to  a  case,  solid  or 
assorted  colors.  Also  10  and  50  pound  bags.  Available  for 
inunediote  shipment. 
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Write  for  Color  Card, 
Samples  and  Prices 


Electronic  Relay 

A  NEW  ELECTRONIC  relay  for  ampli¬ 
fying  limited  current  which  is 
transmitted  by  delicate  control  con¬ 
tacts  or  high  resistance  circuits 
materially  increases  the  applica¬ 
tion  range  of  many  control  devices. 
Operated  by  any  material  having  a 
resistance  from  0  to  500,000  ohms, 
or  greater  if  necessary,  the  new 
relay  is  especially  suitable  for  con¬ 
trolling  liquid  levels  in  tanks  and 
boilers,  sorting  metallic  parts  by 
size,  detecting  broken  threads  in 
textile  machines,  and  as  a  limit 
switch  requiring  extremely  light 
pressure  to  operate.  The  relay  is 
small  and  lightweight,  and  consists 
of  a  standard  type  electronic  tube, 
a  supply  transformer,  and  an  elec¬ 
tromagnetic  relay,  all  mounted  in  a 
totally  enclosed,  weather-resistant 
enclosure  suitable  for  wall  or  ma¬ 
chine  mounting. 

In  operation,  the  electromagnetic 
relay  in  the  device  is  kept  ener- 


RE  IDITH 
^SHIELDED  IDIRE 


PRECISIO 


NO  compromise  u?ith  . —  ff^^qompromise  milh 

eleclricdl  inlerference  ■ —  Ti8|||^^romise^%(^^^^^hdmcdl 

ORLIJ  ujilh  PREClSlOn  rtlETAL^ii^D 
dll  three  of  these  exclusive  fedtures  be  joBj^ 

Top-fliqht  engineers  the  countrij  over  dre  re^fcrizinq  the 

dmdzinq  qudlities  dnei  specifying  TtlETAL 

IDIRE  in  their  equipment  Cdtdloq  upon  reques^^Hjjjli^ 
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gized  as  long  as  the  controls  con¬ 
nected  to  the  input  grid  circuit  of 
the  electronic  tube  remain  open. 
The  instant  these  contacts  close, 
the  relay  is  de-energized.  A  built- 
in  time  delay  feature  prevents 
chattering  when  the  contacts  in  the 
input  circuit  are  momentarily 
closed.  A  contact  arrangement  on 
the  electromagnetic  relay  permits 
the  device  to  be  used  either  to  make 
or  break  a  load  circuit  when  the 
actuating  contacts  connected  to  the 
input  circuit  on  the  electronic  re¬ 
lay  are  closed.  Bulletin  GEA-4214 
describes  Type  CR  7511-A.  Gen¬ 
eral  Electric  Co.,  Industrial  Control 


'll' 

Div.,  Schenectady,  N.  Y. 


o 

Minioture  Glass  Fractionating 
Diffusion  Pump 


Gktu  fractionating  DHfusion  fvmp.  Typo  Gf-5A 

Very  low  pressure.s  (less  than  7  x  mm.  at  25°C.) 
are  attainable  with  this  new  unit  by  the  continuous 
purification  of  the  pumping  fluid  as  it  circulates 
through  the  three  boilers.  Neither  a  liquid-air  nor 
a  dry-ice  trap  is  retjuired  for  efficient  i)erformance. 


CONDENSER 


Plug-in  capacitor!  with  a  wide  range 
of  Toltagee  and  capacities  are  one  of 
the  many  different  paper  and  elec¬ 
trolytic  capacitors  manufactured  by 
the  Illinois  Condenser  Company.  This  | 
unit  is  hermetically  sealed  and  built 
to  operate  under  the  sererest  condi¬ 
tions.  We  also  manufacture  con¬ 
densers  for  special  applications  with 
a  wide  temperature  range  of  from 
— 50”  C  to  -*-85”  C  and  from  one 
Tolt  to  500  Tolts  D.C.  working  on  the 
electrolytic  types. 


ILLINOIS  CONDENSER 
COMPANY 

1160  NORTH  HOWE  STREET 
CHICAGO  10.  ILLINOIS 


THIS  PUMP  IS  IMPORTANT— 

To  Industry — for  the  effective  exhaustion  of  small 
glass  vacuum  systems 

To  Laboratories — for  the  exacting  requirements  of 
research,  or  for  the  assembly  of  inexpensive,  com- 
jiact  laboratory  exhaust  systems 

Write  for  details  alx)ut  the  complete  DPI  line  of  glass 
and  metal  diffusion  pumps,  as  well  as  booster  pumps, 
low-vapor-pressure  fluids,  ionization  gauges,  cyclic 
molecular  .stills,  complete  vacuum  coating  (“cjuipmcnt, 
and  other  items  for  high-vacuum  technology. 


DISTILLATION  PRODUCTS,  INC. 

JoMtfy  ownod  by  EASTMAN  KODAK  COMPANY  and  GENEKAL  MILLS,  INC 

ROCHESTER  13,  N.  Y. 
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A  NEW  FEATURE 

OF  GREAT  IMPORTANCE 
ADDED  TO  OUR  "OLD  TIMER" 


Now  .  .  .  ChoHarhss  oporotion 
i>  added  to  the  known  lenti- 
fivHy  of  oor  "Old  Timer"  (200 
Series)  .  .  .  The  new  feature 
consists  of  on  energy  absorb¬ 
ing  material  seated  within  a 
contact  carrying  cage.  The  com¬ 
pound  used  is  not  affected  by 
age,  oil,  or  moisture. 


No  Bounce!  No  Chatter! 

.  .  .  in  the  newKurman 
200S  Flat  Keying  Relay 


KEYING  FEATURES; 

1.  No  bounce.  No  chatter. 

3.  Input  50  Milliwatts. 

3.  Will  key  up  to  150  words  per 
minute,  or  60  impulses  per 
second. 

4.  Armature  is  mica  insulated;  is 
suitable  for  keying  a  50  Mega¬ 
cycle  R.F.  signal. 

5.  Contacts  win  carry  up  to  2  Amps. 


New  Feature  ,  .  .  eliminates 
“bounce"  and  "chatter  " 


Oscilloscopie  wave  form  |  I  I  I  1 

looks  like  this  I  I _ I  I _ I 

NOT  like  this  n  n 


Sencf  aho  for  comphfe  tMctmcrfioo  bn  the 
new  line  of  KIDMAN  vibrolJOrj-OnafiF fSKAYS 
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CO. 


35-18  37th  STREET 


lONG  ISLAND  CITY  I,  N.  Y. 


I  Resistance  Measurement 
I  Instrument 

!  Combining  both  Kelvin  and 
Wheatstone  bridges,  Type  638-2 
bridge  is  a  resistance  measurement 
instrument  which  has  a  range  from 
0.0001  ohms  to  11.11  megohms  in  a 
single,  portable  unit  which  may  be 
used  in  laboratories,  schools,  in 
maintenance  work,  production  line 
testing  and  field  investigation. 
When  used  as  a  Wheatstone  bridge 
for  measurements  between  1  ohm 
and  1  megohm,  a  normal  accuracy 
of  0.3  percent  or  better  is  obtained. 
Low  resistance  measurements  using 
the  Kelvin  range  utilize  current  and 
potential  terminals  to  eliminate 
lead  and  contact  resistance.  The 
accuracy  of  Kelvin  measurements 
at  ranges  lower  than  0.1  ohm  is  3 
percent.  The  rheostat  is  variable 
in  steps  of  1  ohm  for  Wheatstone 
bridge  measurements,  and  1  mi¬ 
crohm  for  Kelvin  bridge  measure¬ 
ments.  Separate  keys  are  provided 
for  the  battery  and  galvanometer 
circuits.  Accuracy  of  component 
resistors  is  0.1  percent  (the  1  ohm 
resistors  have  an  accuracy  of  0.25 
percent.)  A  sensitive  built-in  gal¬ 
vanometer  is  included. 

Shallcross  Mfg.  Co.,  Jackson  and 
Pusey  Aves.,  Collingsdale,  Pa. 

I  Indicating  Light  Unit 

Type  T3-BLC  indicating  light  unit 
is  for  single-hole  mounting  on  a 
panel  with  a  T3  i  type  single¬ 
contact  bayonet  lamp.  The  indi¬ 
cating  unit  has  a  bayonet-locked 
lens  cap  which  is  inserted  and  held 
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New  TEST  LEAD 


CORPORATION  OF  AMERICA 

INSULINE  BUILDING  •  LONG  ISLAND  CITY,  N.Y. 


ApproTod  by  the  S  gnal  Corps,  the  now  ICA 
Tast  Lead  (No.  373)  features  streamlined  de¬ 
sign  and  f'nger-gr  p  mo'.ded  t'ps.  Made  of 
Fenol'.ne  insula  ed  material,  with  fine  flexible 
so't  rubber  k'nkless  w‘re.  Preferred  by  lead¬ 
ing  test  eguipment  manufac  urers  .  .  .  Just 
one  of  the  new  improred  items  in  the  large 
INSULINE  1  ne  of: - 

•  Metal  Cabinets,  Chassis,  Panels,  Racks. 

•  Metal  Stampings  •  Plugs  and  Jacks  • 
Completely  Assembled  Screw  Machine 
Products  O  Hardware  and  Essentiols. 

Write  tor  48-page  Catalogue 


>  Kiiopp  Instruments 

Knopp  precision  multi-range  cur¬ 
rent  transformer  (Type  P-1200)  is 


i  in  place  similar  to  a  bayonet-type 
j  lamp.  It  requires  only  ten  degrees 
I  turn  to  be  held  firmly  in  place.  The 
unit  is  for  use  in  applications  where 
excessive  shock  and  vibration  are 
to  be  encountered. 

The  H.  R.  Kirkland  Co„  Morris¬ 
town,  N.  J. 
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useful  in  a  laboratory,  a  shop,  or  in 
the  field,  for  testing,  measuring, 
and  calibrating.  A  self-contained 
primary  provides  primary  ranges 
from  0.6  to  100  amp.  Primary 
ranges  can  be  obtained  with  an  in¬ 
serted  primary  of  from  1  to  8  turns 
with  ratings  of  from  150  to  1200 
amp  respectively.  By  connecting 
primary  and  secondary  in  series, 
additional  ranges  (some  of  which 
are  for  intermittent  use  only)  up 
to  3600  amp  may  be  obtained.  The 
transformer  housing  of  the  instru¬ 
ment  insulates  the  inserted  pri¬ 
mary  from  the  transformer  wind¬ 
ings  for  2600-volt  circuits.  The 
wound  primary  is  for  use  on  260- 
volt  circuits. 

Knopp  Load  Analyzer  is  a  port¬ 
able  instrument  which  measures, 
by  one  direct  reading,  the  power 
factor  (without  calculation)  by 
merely  turning  a  knob.  Measure¬ 
ment  is  independent  of  wattage  or 
voltage  readings  or  variations. 
Watts  and  volts  are  also  quickly 
read  by  means  of  the  same  measur¬ 
ing  element.  The  analyzer  is  rugged 
and  has  no  indicating  pointers  or 
delicate  movements.  It  will  with¬ 
stand  severe  momentary  overloads 


PLATINUM 

Wire  &  Ribbon 

($) 

SILVER 

Sheet,  Wire,  Brazing  Alloys 


THE  AMERICAN  PLATINUM 
WORKS 

Refiners  &  Manufacturers 
N.J.RJI.  Ave.  at  Oliver  Street 
Newark  5,  N.  J. 


At 
"Long 
Last" ! 


Just  what  the  Electronic  Industry 
has  asked  for:  — The  NEW 

We  made  it  for  ourselves — now  we  make  it  Metal 

available  to  you. 

Everyone  who  sees  or  uses  it — orders  more.  |  |  i 

Fits  standard  size  metal  tubes.  .  , 

Strongly  made  of  ONE  piece  drawn  Steel — no  C  Xtl  ClClOi 

screws,  rivets  or  welds.  Can  be  furnished — 
plain — zinc  or  cadmium  plated. 


No  more  BURNT  fingers! 

Just  the  thing  for  use  in  the  LABORATORY — 
SHOP— FIELD  or  on  the  TEST  and  INSPEC¬ 
TION  lines! 

Prompt  Del  ivery 

on  Small  or  Large  Orders! 

Write  or  Wire 

the-BMP-co. 

BOONTON,  N.  J. 

Phone  •—  Boonton  8-2565 


Patent  Pending 


Eaty-le-insloll  .  .  .  com¬ 
pact  . . .  qwiol-rwnning  . . .  oconomical . . .  thoto 
or*  tho  foaturo*  which  mako  Pilot  Blowors  idoal 
for  tho  important  job  of  air  circulcrtion  and  vontilation  in  Radio  Equipment.  Available 
In  standard  models  to  move  from  15  to  110  C.F.M.  Write  for  Bw/fetin  507. 


F.  A.  SMITH  MFG.  CO.,  INC. 

ROCHESTER  5 


801  DAVIS  STREET 
NEW  YORK 


**SHADED  POLE”  F.H.P.  MOTORS 


Tell  us  what  your  requirements  are  and  we  will 
send  you  “fact  sheets'*  giving  complete  specifica¬ 
tions  on  these  dependable,  efficient,  low-cost 
Motors.  For  continuous  or  intermittent  duty  with 
H.P.  ratings  ranging  from  l/l5  to  l/SOO  H.P.  and 
from  1550  to  3400  R.P.M.  Plain  round  or  with  base 
or  resilient  mounting  .  .  .  open  or  enclosed  cases. 


FRACTIONAL  H.  P. 

MOTORS 


Pilot 


CCNTRIFUGAL 

BLOWERS 
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without  damage.  Accuracy  of  the 
instrument  is  not  materially  af¬ 
fected  by  ordinary  variations  in 
current  wave  shape, ;  Measurements 
from  a  few  watts  up  to  48,000  watts 
(depending  on  the  voltage  range) 
may  be  made. 

Electrical  Facilities  Inc.,  4224 
Holden  St.,  Oakland,  Cal. 


0.048  inches.  A 
built  within  th( 
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or  tissues  to  the 
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ing.  The  total 
itself  is  150  lb. 
Co.,  Minneapolis 
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Flexible  Insulating  Varnish 

R-851  DESIGNATES  a  flexible  insul¬ 
ating  varnish  which  is  of  high  me¬ 
chanical  strength  and  is  particuarly 
suitable  for  use  with  electrical 
equipment  wound  with  glass-cov¬ 
ered  wire  and  designed  to  operate 
at  exceptionally  high  temperatures. 
The  manufacturer  states  that  the 
varnish  shows  little  progressive 
hardening  when  the  dried  film  is 
exposed  to  the  air  and  that  it  is 
recommended  for  coating  arma¬ 
ture  and  stator  coils  that  will  be 
stored  for  long  periods  before  as¬ 
sembly.  This  material  is  a  clear 
baking  varnish  which  dries  com¬ 
pletely  when  baked  at  a  tempera¬ 
ture  of  135  deg  C.  The  dried  insul¬ 
ation  is  oilproof  and  is  resistant  to 
acids  and  alkalis. 

The  Sterling  Varnish  Co.,  181 
Ohio  River  Blvd.,  Haysville,  Pa. 


DEPENDABU 
as  tho  PLABIETS 
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As  r*9ular.  at  precit* 
'  at  the^  morementt 
oi  plonttt  .  .  .  tuch  or* 
Hoydon  Timing  Motort 
and  DeTictt.  Eqoipptd 
with  tpeciol  motort  to 
lit  your  particular  re- 
quiremontt  and  geared 
up  or  down  to  any 
tpeed  from  450  RPM  or 
latter,  to  one  reyolution 
a  month. 


n  UKtKM  UUMt  IKUt-a  completely 
coordinated  and  integrated  air-rail 
express  service! 

Ever  since  the  fast,  safe,  person¬ 
alized  handling  of  shipments  we 
know  as  Express  Service  was  de¬ 
veloped  in  1S39,  it  has  been  distin¬ 
guished  hy  adapting  new  tech¬ 
niques. 

From  the  moment  the  airplane 
was  proved  capable  of  sustained 
flight,  alert  Railway  Express  began 
to  plan  how  this  new  transportation 
vehicle  could  he  made  to  serve  the 
needs  of  industry  and  the  public. 

Step  hy  step  the  way  was  proved. 
1^19  saw  the  first  chartered  flight 
for  Air  Express  on  a  definite  route. 
New’  York  to  Chicago.  1927  w’as  a 
real  milestone  year.  It  saw  the  es¬ 
tablishment  of  the  nation’s  first  Air 
Express  network  serving  26  airport 
cities  coast-to-coast,  and  the  forma¬ 
tion  of  .Air  Express  Division  of  the 
Express  company,  the  essential  step 
toward  providing  a  responsible,  co¬ 
ordinated  air-rail  express  service. 
1944  —  Air  Express  directly  serves 
350  airport  cities  at  3-mile-a-minute 
speed,  and  23.000  Railway  Express 
offices  tbe  nation  over  through  inte¬ 
grated  Air-Rail  service.  Interna¬ 
tional  Air  Express  to  over  60  foreign 
countries. 

From  5.160  shipments  in  four 
months  of  1927  to  over  1,5{X),000  in 
1943— that’s  the  record  of  Air  Ex¬ 
press.  Serving  the  war  effort  today 
spectacularly  and  successfully.  Air 
Express  coordinated  with  Railway' 
Express  will  serv’e  you  well  tomor¬ 
row'. 


DC  MOTOR 

Reversible  —  Com¬ 
pact  —  I  i  I  h  t  i  n 
weight — seven  teg- 
m  e  n  t  commutator 
—low  reactance 
rotor  winding  —  al- 
nico  magnet  field — 
totally  enclosed, 
sealed-in  lubrica¬ 
tion. 


Let  our  Engineering 
Service  help  you  with 
your  timing  problem! 

Send  lor  illustrated  cat¬ 
alog! 


WIDE 

VACIJI 

VOLTI 


Die-Le!4f9  Duplicating  Shear 

Di-Acro  Shear  No.  3  is  an  im¬ 
proved  model  which  incorporates  a 
precision  adjustment  for  accurately 
stopping  blade  travel.  The  shear 
may  be  used  for  a  large  variety  of 


Hoydon  motors  can 
have  brakes  for  instant 
stop  .  .  .  are  reversible 
and  possess  shift  de¬ 
vices  for  any  automatic 
reset. 


AO-MOTOR 

Available  450  RPM 
to  I  REV.  per 
month;  manufac¬ 
tured  to  your  spo- 
eifle  voltage,  fre¬ 
quency.  speed  and 
torque  require¬ 
ments.  The  small¬ 
est.  110  volt.  60 
cycle  l-RPM  units 
consume  only  2 
watts. 


As  makers  of  the  most 
complete  line  oi  Syn¬ 
chronous  Timing  Motors. 
Hay  don  Manufacturing 
Company  offers  a  com¬ 
plete  TIMING  ENGI¬ 
NEERING  SERVICE.  A 


Why  not  write  for 
our  new  catalog! 


Him  input  iiTi 
and  DC  measur 
Convenient,  low 
pecially  adapted 
use — 100  megaq 
Self-regulating  _ 
line;  no  batteric 
Multiple  voltage 
stable. 


ADDRESS 
DEPT.  11 


.slitting  and  notching  operations  to 
close  tolerances.  Tolerance  accuracy 
is  0.001  inches  in  all  duplicated 
work.  The  maximum  shearing 
width  is  12  inches,  and  the  maxi¬ 
mum  shearing  capacity,  for  in¬ 
stance,  on  18  gauge  steel  plate  is 


BULLETIN 


ALFRED  ^ 
LABDR 

34-04  Froaeis  Lew 
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048  inches.  A  delivery  chute  is  ] 
lilt  within  the  unit  to  facilitate 
‘livery  of  the  materials,  fabrics,  ' 
’  tissues  to  the  shear.  The  unit  is 
ounted  on  an  80-lb.,  iron  bed  cast- 
g.  The  total  weight  of  the  unit 
3elf  is  150  lb.  O’Neil  Irwin  Mfg. 

).,  Minneapolis  15,  Minn. 


olderless  Terminals  j 

)LDERLESS  TUBE-CAP  terminals  de-  ' 
gned  for  adaption  to  heavy  load,  | 
gh  temperature  operation  on  j 
>wer  tubes  and  in  confined  areas  j 
in  be  furnished  in  two  types.  The  i 
iamond  Grip  Tube-Cap  units  are 
r  use  on  insulated  wire  where  an 
sulation-support  type  of  terminal 
required.  The  standard  type  “B” 
lits  may  lie  used  on  either  insul- 
;ed  or  non-insulated  wire.  Each  ^ 
pe  of  tube-cap  terminal  is  avail- 
)le  as  an  individual  item  or  may  | 
;  ordered  as  an  integral  part  of  a  I 
implete  lead  built  to  users’  spec- 
cation.  Hand,  foot  or  power  in- 
allation  tools  are  also  available  to 
lose  manufacturers  who  prefer  to 
ake  up  the  lead  assemblies.  j 

High  temperatures  do  not  appre- 
ably  affect  the  efficiency  of  these 


\ 

Immediate  Deliver^l  I  ; 

WIDE  IIAIVGE  I 
VACIJIJM  TUBE  I 
VOLTMETERS  I 


•  Hi^  input  impedance  for  both  AC 
and  DC  measurements. 

•  Convenient,  low  capacity  *'Probe,”  t»- 
pecially  adapted  to  high  frequency  radio 
use — 100  megacycles  and  over. 

•  Self-regulating  operation  from  power 
line;  no  batteries. 

•  Multiple  voltage  ranges  —  accurate  and 
stable. 

BULLETIN  ON  REQUEST 

AI.FRED  W.  BARBER 
LABORAT4IRIKS 

-04  Francis  Lewis  Bivd.  Fiashing,  N.  Y. 


Our  specialized  business  is  the  production  of  mica 
fabricated  parts  for  electronic  and  electrical  use. 
This  includes  electronic  tube  and  condenser  parts, 
discs,  bridges,  supports,  all  varieties  of  stampings, 
condenser  films,  etc. 

One  of  the  most  exacting  phases  of  our  business 
is  the  production  of  mica  parts  for  rodio  tube  and 
component  manufacturers.  Our  27  years  of  experi¬ 
ence  enable  us  to  render  a  quick  and  understanding 
service  on  this  ond  other  phoses.  Hundreds  of  ledid- 
ing  companies  rely  upon  our  complete  facilities  and 
wide  experience  to  toke  care  of  both  usual  and 
unusual  requirements.  We  shall  be  glad  to  quote 
costs  or  discuss  any'  problenu  you  may  have. 


FORD  RADIO 
&  MICA  CORP. 

Joseph  J.  Long,  ProsMenf 

538  63rd  Street. 
Brooklyn  20.  N.  Y. 

EstoblisiMd  If  17 
Tefephoee:  Wledser  f-f300 


MERIT  COIL  &  TRANSFORMER  CORP. 

311  North  Detplaines  St.  •  CHICAGO  6,  ILL. 


"MERIT” 

meciK^ 


. .  .  PARTS  manufactured  ex¬ 
actly  to  the  most  precise 
specifications. 

Long  manufacturers  of  com¬ 
ponent  radio  parts,  MERIT 
entered  the  war  program  as 
a  complete,  co-ordinated 
manufacturing  unit  of  skilled 
radio  engineers,  experienced 
precision  workmen  and 
skilled  operators  with  the 
most  modern  equipment. 

MERIT  quickly  established 
its  ability  to  understand 
difficult  requirements,  quote 
intelligently  and  produce  in 
quantity  to  the  most  exact¬ 
ing  specifications. 

Transformers— Coils— Re¬ 
actors— Electrical  Windings 
of  All  Types  for  the  Radio 
and  Radar  Trade  and  other 
Electronic  Applications. 
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you  want 


•  CRYSTALS 

•  CABLES 


•  HARNESSES 

•  ELECTRONIC 

ASSEMBLIES 

•  CABINETS 


Telephone  Peru,  Indiana 


Serving  the  Radio  and  Elettronif  Industries  with  predsion  engineered  products. 


General  Offices;  PERU,  IIIDinnfl 

Cable  Rssembly  Division:  ROCHESTER,  IRDIRnfl 


You*ll  Like  These 
Heavily  Silver  Plated 


TURRET  LUGS 


FIRST — they’re  easy  to  use.  Just 
swage  them  to  the  board,  and  in 
a  jiffy  you  have  good  firm  Turret 
Terminals. 

SECOND — they’re  convenient  to 
solder  to  and  provide  perfect  con¬ 
tact.  Sufficient  metal  is  used  in  the 
Lugs  to  give  them  strength,  but 
not  enough  to  draw  heat  which 
would  increase  soldering  time. 

THIRD— they’  re  readily  available. 
'Furret  Lugs  to  meet  a  wide  range 
of  terminal  board  tfiicknesses  are 
in  stock. 

V\  rite,  phone  or  wire  orders  to 


CAMBRIDGE  CORP. 


439  CONCORD  AVI.,  CAMBRIDGE  38,  MASS. 


connections.  The  caps  and  leads 
are  made  in  various  metals  for  op¬ 
eration  in  any  range  of  temper¬ 
ature. 

Aircraft-Marine  Products  Inc., 
1591B  N.  4th  St.,  Harrisburg,  Pa. 

Literature - 

Audio  Development  Co.  Products. 
A  16-page  book  undertakes  to  give 
factual,  informative  and  helpful 
data  about  such  products  as  trans¬ 
formers,  reactors,  filters  and  elec¬ 
tronic  components  available  from 
Audio  Development  Co.,  Minneap¬ 
olis  7,  Minn. 

;  General  Electric  Company  Liter¬ 
ature.  The  following  new  liter¬ 
ature  is  available  from  General 
Electric  Co.,  Electronics  Dept., 
Schenectady,  N.  Y. 

1.  Industrial  Electronic  Tubes 
Chart.  A  quick-selection  chart  of 
electronic  tubes  for  industry  is  con¬ 
tained  in  a  mailing-piece  which  has 
been  printed  in  a  size  so  it  can  l>e 
filed  in  a  handbook.  The  chart  is 
designed  to  make  it  easy  to  select 
tubes  for  electronic  devices  or  appli¬ 
cations.  A  bulletin  number  is  listed 
with  each  tube  type.  The  bulletins 
are  available  separately  and  con¬ 
tain  installation,  operating  and 
technical  data. 

Tube  types  listed  in  the  chart  in¬ 
clude  phanotrons  (gaseous-dis- 

I  charge  rectifier)  ;  thyratrons  (grid- 
controlled  gaseous-discharge  recti¬ 
fier)  ;  pliotrons  (grid-controlled 
high-vacuum)  ;  vacuum  gages  (to 
measure  gas  pressure)  ;  ignitrons 
(high-peak  -  current,  pool  -  cathode 
tubes) ;  phototubes  (light-sensi-. 
tive) ;  ballast  (resistor-type  tubes 
used  to  maintain  a  constant  average 
current)  ;  glow  (cold-cathode  tubes 
for  use  as  voltage  regulators) ; 
vacuum  switches  (SP,DT) ;  keno- 
trons  (high  vacuum  rectifier)  ;  and 
vacuum  capacitors. 

2.  New  Price  List  of  Radio 
Transmitting  Tubes.  Bulletin  ET-5 
supersedes  the  manufacturer’s 
bulletin  GEA-3315C.  The  newer 
bulletin  contains  ratings  and  prices 
of  such  tubes  as  high-vacuum  types ; 
high-vacuum,  air  and  water-cooled 
types ;  mercury-vapor  rectifiers ; 
high-vacuum  rectifiers ;  and  gas¬ 
kets  for  water-cooled  types. 

3.  One  Plastics  Avenue.  This  is 


Cicero  = 


1  (kve.. 


103  WEST  43rd  ST.,  NEW  YORK  18,  N.  Y. 


a  booklet  which  uses  color  illus¬ 
trations  and  short  descriptions  to 
tell  the  reader  about  General  Elec¬ 
tric’s  work  and  what  they  have  to 
offer  in  the  plastics  field. 

General  Radio  Co.  House  Organ. 
The  General  Radio  Experimenter,  j 
April  issue,  contains  two  articles  j 
which  readers  may  find  of  value. 
The  first  of  these  is  an  article  A 
Bridge-Controlled  Oscillator  by  J. 
K.  Clapp,  and  the  second  article  is 
entitled  The  Effect  of  Humidity  on 
Electrical  Measurements  by  R.  F. 
Field.  General  Radio  Co.,  30  State 
St.,  Cambridge  39,  Mass. 

Mechanical  Springs.  A  106-page 
book  called  “Mechanical  Springs, 
Their  Engineering  and  Design”  is 
a  publication  issued  jointly  by  vari-  i 
ous  divisions  (consisting  of  about 
eight  manufacturers)  of  the  Asso¬ 
ciated  Spring  Corp.,  Bristol,  Conn. 
In  the  book  are  discussed  the  vari¬ 
ous  types  of  springs;  formulas  are 
given,  and  tables  include  data  on 
the  physical  properties  of  spring 
materials,  moments  of  inertia  of 
rectangular  sections,  weight  of  flat 
cold  rolled  steel,  weight  of  round 
steel  spring  wire,  strain  gauges, 
circumference  and  area  of  circles, 
decimal  equivalents,  third  and 
fourth  powers  of  wire  diameters, 
and  Rockwell  hardness  conversion 
values.  Enclosed  in  the  book  is  a 
handy  spring  data  computer.  The 
book  is  available  from  ASC  or  from 
Dunbar  Brothers  Co.,  Bristol,  Conn. 

Quartz  Crystal  Manufacture.  “How 
Quartz  Crystals  Are  Manufac¬ 
tured”  is  the  title  of  a  36-page  book¬ 
let  which  contains  a  series  of  ar¬ 
ticles  reprinted  from  Communica¬ 
tions.  The  subjects  covered  include 
inspection,  grading  *and  classifica¬ 
tion  ;  orientation  of  the  crystals,  the 
use  of  orientation  devices  and  saw¬ 
ing  equipment,  lapping  and  finish¬ 
ing,  and  testing.  Other  sections  are 
devoted  to  the  future  of  quartz 
crystals  and  the  manufacturer’s 
tubes,  equipment,  and  semi-faTari- 
cated  materials  for  industry.  North 
American  Philips  Co.,  Inc.,  100  East 
4nd  St.,  New  York  17,  N.  Y. 
Background  Data  of  Underwriters’ 
Laboratories,  Inc.  This  book  con¬ 
tains  32-pages  and  is  a  report  of  50 
years  of  continuous  service  of  Un¬ 
derwriters’  Laboratories,  Inc.,  a 
non-profit,  scientific,  and  technical 
organization  devoted  to  the  safe¬ 
guarding  of  lives  and  property  from 


BECAUSE:  You  have  so  much  to 
do  in  so  little  time. 

BECAUSE;  HARVEY  has  in  stock, 
or  can  quickly  obtain  for  you, 
supplies  of 


AT  100  MC 
DILECTENE 

A  C-D  Engineered 
' 'U-H-F  Insulation 


AND  BECAUSE:  HARVEY  can  ad- 

vise  you  on  technical  or  priority 
problems. 

WE  SUGGEST:  that  you  come  to 
HARVEY  for  your  next  order. 
17  years  experience  enables  us  to 
fill  orders  efficiently,  and  expe¬ 
ditiously. 


FOW£lt  FACTO# 
00033 


STABLE 

UNDER 


yDisLecTmc 

*?  CONSTANT 
9J7 


Temperature 

Extremes 


And,  WE  DELIVER 
. . .  within  24  hours,  if 
possible. 

TELEPHONE  ORDERS  TO 
LO  N  G  A  C  R  E  3-1800 


Mecbaeical 

Stress 

X  READILY  ^ 

X  ^  Chemical 

Conditions 

For  complete  technical 
data,  send  for  Bulletin  DN 

^CONTINENTAL-DIAMOND 

N.  FIBRE  COMPANY 

DE^  NEWARK  16,  DELAWARE 
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the  hazards  of  fire,  casualty,  and 
crime.  A  balance  sheet  of  the  or¬ 
ganization  is  also  included  in  the 
book.  Underwriters’  Laboratories, 
Inc.,  207  East  Ohio  St.,  Chicago,  Ill. 

Spring-lock  Fastener.  Such  infor¬ 
mation  as  parts  and  assembly,  how 
it  operates,  outstanding  features, 
performance  by  test,  operating 
torque  and  initial  tension  tests,  en¬ 
gineering  data,  and  types  available 
are  contained  in  a  36-page  booklet 
called  “Spring-lock  Fastener”  avail¬ 
able  from  Elastic  Stop  Nut  Corp.  of 
America,  Union,  N.  J. 

C-D  House  Organ.  A  recent  issue 
of  The  Cornell-Dubilier  Capacitor 
contains  a  reprint  of  the  last  half 
of  an  article  by  Lt.  R.  C.  Hitchcock 
entitled  Thermionic  Rectifier  Cir¬ 
cuits  which  appeared  in  February 
Electronics.  Another  article  in 
this  issue  is  AM  Detector  Operation 
which  is  reprinted  from  Radio  Re¬ 
tailing  Today.  Six  pages  of  this 
same  issue  are  devoted  to  “The 
Radio  Trading  Post”  which  is  a 
free  market-place  for  buyers,  sell¬ 
ers,  swappers  and  jobs  in  the  radio 
field.  The  Cornell-Dubilier  Electric 
Corp.,  1049  Hamilton  Blvd.,  South 
Plainfield,  N.  J. 

Immediately-Available  Equipment 
Lists.  Each  month  this  manufac¬ 
turer  publishes  for  the  benefit  of 
its  equipment  users  a  12-page  book 
called  “Industrial  Availability  Book¬ 
let”  which  shows  items  available  on 
priority  for  immediate  delivery 
from  stock.  This  booklet  is  avail¬ 
able  to  engineers  or  purchasing 
agents.  Walker-Jimieson,  Inc.,  311 
S.  Western  Ave.,  Chicago  1,  Ill. 

Time  Delay  Relays  and  Switches. 
A  6-page  leaflet  describes  and  illus¬ 
trates  Series  EX-511  switches  for 
automatic  time  control  of  vacuum 
tube  plate  circuits  and  similar  ap¬ 
plications;  Type  EX-461-E  momen¬ 
tary  impulse  timed  interval  relays 
for  standard  Air  Corps  application ; 
Type  EX-475  sustained-impulse,  de- 
layed-time-interval  relays ;  Type 
EX-500-B  heavy-duty,  delayed-re- 
sponse,  sustained-impulse,  duration- 
type  relays;  and  Type  EX-512 
heavy-duty  time  switch.  M.  H. 
Rhodes,  Inc.,  Hartford,  Conn. 

Crystal  Holders  and  Electrodes. 
Thirteen  different  types  of  crystal 
holders  together  with  several  types 
of  electrodes  are  illustrated  and 
described  in  a  26-page  booklet  which 


From  ATTRITION* 
To  INVASION 


I/noblrNsire 

C^stals  Are  the  Detectors,  tJie  Trans¬ 
mitters,  the  Silent  Servants  of  the 
Signal  Corps. 

Attd  \mlpey  Crygtalit, 

custom  cut  and  precision  ground,  per¬ 
form  many  a  complex  duly  in  this  war. 
In  subzero  temperatures,  in  tropical 
zones,  wherever  men  fight  and  wher¬ 
ever  men  ’phone,  Valpey  crystals  co¬ 
ordinate. 


Valpey’s  Specially 
Designed  Low  Fre¬ 
quency  Unit  Built 
for  Today’s  Busi¬ 
ness  —  War. 


Ifare  you  used  Valpey 

Crystals  for  that  specially  complicated 
setup?-  Valpey  laboratories  are  on  the 
job,  devising,  designing,  developing 
new  crystal  uses  for  War  now — for 
Peace  Tomorrow.  Valp«‘y  experience 
and  expertness  are  yours  for  the 
asking. 

*The  Uf^ring  f/otrn,  os  «/  resourre*  by  ron* 
linuol  $iight  impairmentsy  a»  a  U'or  of  attrition. 

Bonds  Are  Bombs  . . .  Buy  More  Bonds 


also  contains 
units.  Howa: 
Bluffs,  Iowa. 

Machine  Set 
A  new  catalc 
addition  to 
standard  iten 
ings  of  specia 
able.  Tables 
weights  of  r 
bolts,  and  m 
pounds  per  th 
imal  equivale 
gressive  Mfg 

Laboratory  ai 
A  12-page  bu 
tains  infori 
drawing  and 
fittings  for  vj 
quirements  i: 
tory  and  test: 
experimental 
Electric  Det 
Humboldt  St. 


Resistor  Cat) 
just  off  the  p 
tions  and  des 
basic  line  o 
wire-w’ound 
sistors.  Hail 
McKibben  St. 
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(•  Try 
|you  neec 
Istocks  Q] 
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We've  be 
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Whole 

RADIO-EIECTR 


NEW  Y 

Phones:  ALgoi 


(INRES-CO) 

INSTRUMENT 
RESISTORS  COMPANY 


25  AMITY  ST,  LITTLE  FALLS,  N.  j 


\h^erent  odvonlages 
IN.RES-CO  resistors—  | 
d  in  vital  Signal 
— ^  Navy  and  Air 
i  opplicn**®"* — 
similar  appUcotion- 
d  qualities  for 
•^quirements. 
designers  and 
_::“i  desiring  a 
ifidential  collabo- 


prove 
Corps,  Army, 

Corps 
means  i 
designe 
peacetime  n 
Engineer-c- 
manufacturers 

I  close  coni - 

ration  in  post-vYor  plan¬ 
ning,  are  invited  to  bring  1 

wire  vYOund  resistor  prob- 
,,„,tolN-RES-CO.Ahigh 
degree  of  accuracy  and 
dependability  in  all  phaws 
of  production,  pl«* 
substantial  economies  ef¬ 
fected  by  mass  production 
methods,  is  assured. 


also  contains  price  lists  for  these 
units.  Howard  Mfg.  Corp.,  Council 
Bluffs,  Iowa. 


Machine  Screws  and  Specialties. 
A  new  catalog  (No.  18)  shows,  in 
addition  to  this  manufacturer’s 
standard  items,  several  dozen  draw- 
ings  of  special  fastenings  now  avail¬ 
able.  Tables  are  given  of  standard 
weights  of  machine  screws,  stove 
bolts,  and  machine  screw  nuts  in 
pounds  per  thousand  pieces,  and  dec¬ 
imal  equivalents  of  fractions.  Pro¬ 
gressive  Mfg.  Co.,  Torrington,  Ct. 
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Laboratory  and  Switchboard  Plugs. 

A  12-page  bulletin  (lOM  3-44)  con¬ 
tains  information,  photographs, 
drawing  and  data  on  this  line  of 
fittings  for  various  switchboard  re¬ 
quirements  in  all  types  of  labora¬ 
tory  and  testing  equipment  and  for 
experimental  operations.  Cannon 
Electric  Development  Co.,  3209  ] 
Humboldt  St.,  Los  Angeles  31,  Cal.  1 


Resistor  Catalog.  A  1944  catalog,  | 
just  off  the  press,  contains  illustra-  i 
tions  and  descriptive  matter  of  the  ! 
basic  line  of  vitreous-enamelled,  j 
wire- wound  Army-Navy  type  re-  ; 
sistors.  Haines  Mfg.  Corp.,  274 
McKibben  St.,  Brooklyn  6,  N.  Y.  1 


INSULATING  VARNISHES 


Because  of  the  accurate  control  of  all  production  and  strict 
adherence  to  carefully  developed  formulae.  Pedigree  varnishes 
are  uniformly  high  in  dielectric  strength. 

In  addition,  they  provide  resistance  to  oils,  acids,  alkali,  and 
abrasion. 


In  Active  Service 
Over  the  Entire  Globe 


DINION  COIL  COMPANY 

CALEDONIA,  N.  Y. 


Call  In  the  Pedigree  Varnish  Man  Nearest  You. 


7^  P.  D.  GEORGE  CO. 

5200  North  Second  Street  •  St.  Louis,  Missouri 


El.  L.  OAI 

Wholesale  Distributors 
RADIO-ELECTRONIC  SUPPLIES  &  PARTS 
17  Union  Square 

NEW  YORK  3,  N.  Y. 

Phones:  ALgonquin  4-8  I  J  2-3-4-5-6-7 


AND  LOTS  OF  IT 


★ 

Transformers 
for  Combat 


I*  Try  us  for  those  items 
|you  need  in  a  hurry.  Our 
Istocks  are  big— our  serv- 
lice.  extra-fasti 


We've  been  at  it  since  1925 
I — and  we  know  how! 


ismw 


WIDELY  FAVORED  beeaite  af 
NOISELESS  operatioa,  DURADILIH 
aad  file  PERFORMANCE  ia 
all  cliaiates  .  .  . 
STANDARD  RANGE 

1000  ohms  to  10  moqohms 

NOISE  TESTED 


TYPR  A5X 


At  slight  additional  cost,  resistors  in 
tha  Standard  Range  ara  supplied  with 
each  resistor  noise  tested  to  the  follow¬ 
ing  standard:  "For  tbo  eonplofo  aadie 
froqooaey  roogo,  rosistors  shall  havo 
loss  Boiso  tbaa  cerrotpeads  to  a 
cboRgo  of  rosistaaco  of  1  part  la 
1,000,000" 

HIGH  VALUES 

15  aiogohais  to 
1 ,000,000  aiogohois 


•art.  Me  !•  f  AST  4»tb  IT.e  NIW  VOaC  14.  M.  T. 

Iftll  SHAFTS  AIICIAFT  ACCISSOIHS 

MOIDIP  FIASTICS 

PID  liStSTOtS  Flllllil  SHAFT  TOOIS 


PLASTIC  BRANDING 
PLASTIC  MOLDING 


.While  molding  and  branding  plastics  that 
Wrre  on  all  battle  fronts.  Rogan  is  also  pre¬ 
paring  for  the  peace  that  will  follow.  Pre¬ 
paring  to  meet  the  demand  from  peacetime 
industry  for  the  many  NEW  applications  of 
plastics.  And,  when  Peace  does  come,  get 
Rogan  facts  on  how  you  can  get  faster  pro¬ 
duction  of  plastic  parts  at  less  cost. 

Write  now  about  your  present  War  plastics 
and  future  Peace  products. 


ROGAN  BROTHERS 


2003  South  Michigan  Avonuo 


Chicago,  Illinois 


Direct-Coupled 

Amplifier 

‘(Continued  from  page  110) 

circuit  performance  to  compensate 
variations  such  as  drift,  change  in 
gain,  change  in  output  level,  and 
other  factors.  Practically  all  direct- 
coupled  amplifiers  require  a  bal¬ 
ance  control  of  some  type  for  final 
adjustment  of  the  operation  of  the 
amplifier.  The  balance  of  the  am¬ 
plifier  shown  in  Fig.  6  is  controlled 
by  adjustment  of  potentiometers 
Rrt  and  jB*>.  The  balance  control  for 
this  amplifier  is  merely  an  adjust¬ 
ment  for  the  potential  of  the  grid 
of  r„  Fig.  2,  which  adjustment  is 
obtained  by  varying  its  position 
along  the  cathode  resistor  of  Tt, 
Fig.  2.  Potentiometer  R»,  Fig.  6, 
has  a  wide  range  of  control,  and 
it  is  mounted  on  the  chassis  of  the 
instrument  for  adjustment  only 
during  servicing  and  maintenance, 
or  when  tubes  are  cHhnged.  Poten¬ 
tiometer  R„  functions  as  a  vernier 
on  Rib,  and  it  is  mounted  on  the 
front  panel  of  the  amplifier  for  use 
as  a  spot-position  or  pattern-cen¬ 
tering  control. 

Faadbaek  Cireaits 

Negative  voltage-feedback  is  em¬ 
ployed  in  this  amplifier  to  vary  the 
voltage  gain,  to  stabilize  the  volt¬ 
age  gain,  to  reduce  drift,  to 
broaden  the  frequency  response, 
and  to  reduce  the  effective  output 
impedance  of  the  unit. 

One  feedback  circuit  extends 
from  the  plates  of  the  output  tubes 
to  the  plates  of  the  input  tubes. 
To  obtain  the  proper  polarity  for 
negative  feedback,  the  two  balanced 
sides  of  the  amplifier  must  be  cross- 
connected.  This  type  of  feedback 
minimizes  differential  variations 
between- the  two  sides  of  the  push- 
pull  amplifier.  The  feedback  ele¬ 
ments  between  T,  and  T/,  for  ex¬ 
ample,  consist  of  R»3  and  R». 

Negative  voltage-feedback  also 
is  employed  to  control  voltage  gain 
of  the  amplifier.  This  is  accom¬ 
plished  through  feedback  used  in¬ 
dependently  on  each  phase  of  the 
balanced  unit.  T,  feeds  signal  volt¬ 
age  back  to  r,,  and  T,  feeds  back 
signal  to  T,.  S,  is  a  two-section 
gang  switch  which  controls  the 
feedback  simultaneously  on  each 
channel.  Positions  are  provided  for 
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LABORATORIES,  INC 


LABORATORIES,  INC 


12  Meadoo  Street  Ne<«  Haven  10  Conn 


82  Meadow  Street  New  Haven  10  Conn 


voltage  gains  of  1000,  2000,  and 
6000  times. 


Direct-Carrcnt  H«at«r  Operation 

Since  the  interstage  coupling  ele¬ 
ments  r„  r.,  T,  and  Ti  are  the  most 
likely  single  sources  of  instability 
in  the  amplifier,  their  internal 
characteristics  are  kept  as  nearly 
constant  as  possible  by  operation  of 
their  heaters  from  a  regulated  d-c 
source.  This  precaution  has  been 
found  to  contribute  greatly  to  the 
freedom  from  drift  found  in  this 
amplifier.  Much  of  the  drift  prob¬ 
lem  in  this  design  depends  upon 
the  constancy  of  the  operating  par¬ 
ameters  of  these  coupling  elements. 
In  this  connection,  also,  it  was 
found  highly  desirable  to  employ 
commercial  “precision”  resistors, 
such  as  IRC  Type  WW-4,  for.  the 
plate-load  resistors  of  the  coupling 
tubes  because  of  their  low  temper¬ 
ature-coefficient  of  resistance. 

Inasmuch  as  the  input  stage  re¬ 
ceives  no  compensation  of  any  type, 
and  to  reduce  a-c  ripple  in  the  am¬ 
plifier  .  output,  the  heater  of  this 
1  tube  also  is  operated  from  a  d-c 
:  source. 

I  Amplifier  tubes  Tt,  T,  and  T» 
all  are  operated  from  a  conventional 
I  alternating-current  source. 


Give  Siaple 
Metis  of 
Preeisioi  Coetrol 


“Coprox”  Model  CX-1C2B1,  a  center 
tap,  full  wave  rectifier.  Completely  en- 
cloMd  in  Bakelite.  Low  capacitance.  Rec¬ 
tifies  hi((h  frequency  current.  Conserva¬ 
tively  rated  up  to  4.5  volts  A.C.,  3.0  volta 
D.C.,  500  microamperes  D.C.  Other 
models  and  capacities  to  meet  all  needs. 


This  Diftail-cemtact 
wradel  is  only  one  of 
a  series  of  mountinp 
and  indicates  on^ 
one  of  the  complete 
range  of  Luxtron* 
cell  shapes  and  siief 
available. 


Power  Supplies 

•  Power  for  the  complete  amplifier 
is  supplied  by  three  separate  recti¬ 
fier-filter  systems.  The  output  of 
each  system  is  controlled  by  an 
electronic  regulator.  The  first  sys¬ 
tem,  reading  from  the  top  of  Fig. 
5,  has  an  output  of  -f 200  volts.  The 
second  system  furnishes  regulated 
power  for  operation  of  all  heater 
circuits  which  require  direct-cur- 
rent  operation.  The  third  system 
has  an  output  potential  of  —400 
volts  for  operation  of  the  amplifier. 

AchnowludgmuHts 

The  concept  and  design  of  the 
basic  coupling  circuit  and  the  de¬ 
velopment  of  the  final  amplifier  unit 
are  the  work  of  Mr.  George  W. 
Cook  of  the  Electronics  Section  of 
the  David  Taylor  Model  Basin.  The 
mathematical  analysis  of  the  cir¬ 
cuit  was  performed  by  Mr.  Westley 
F.  Curtis  of  the  Structural  Mechan¬ 
ics  Section. 


Spockii  lonninalf,  or  prrh-soidorad 
iMd  wirot,  provont  ovorhuoting 
during  ossombly.  Standard  wniti 
Molod  with  wotorprool  locquort, 
critkai-opplication  unih  pottod 
in  wax.  Standard  “pallots”  gold 
cootad  on  front  stNtoca,  forming 
podtiva  contact*  for  critical  op- 
plicationt,  goto  usod  on  bo^ 
sidas.  High  toakaga,  but  vary 
low  forword  rotistanc*.  Highly 
odaptabla  mountings. 

To  thoM  extras,  add  Bradley’s 
ability  to  produce  “Coprox"  rec¬ 
tifiers  for  special  ap^ications, 
then: 


Circelt  simplicity  contributes  to  a 
constant  Row  of  power.  The  abil¬ 
ity  of  Luxtron  Photocells  to  oper¬ 
ate  Instruments  and  instrument  re¬ 
lays,  without  ompliRcotion,  re¬ 
moves  the  hazards  of  complex  cir¬ 
cuits. 

This  fact  alone  recommends  their 
application  to  precision  control 
problems.  Another  quality  is 
theW  exceptional  resistance  to  vi¬ 
bration,  shock  and  general  mech¬ 
anical  violence.  These  factors  as¬ 
sure  long  service  and  unusual  ad¬ 
herence  i  to  calibrated  accuracy. 


Adc  for  (owiplM  and 
full  (•cfinkal  data. 


EflOineorlng  inquirior  or*  al¬ 
ways  wwicoffio. 

Illustratwd  data  s*nt  on  roquati. 
♦Roo  11  S.  Pat.  OH. 


A  PARATROOPER’S  radio  set 
consumes  almost  2  lb  of  copper  and 
copper  alloys. 
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WIDEBAND 

OSCILLDSCOPE 


•  For  precision  measurements  and 
viewing  wave  shapes  in  electronic  re¬ 
search  and  production  testing.  A  full 
4  z  4-inch  picture  makes  this  instru¬ 
ment  especially  useful  where  both 
high  and  low  frequencies  of  small 
magnitude  are  present. 

Other  units  in  the  new  General 
Electric  line  of  elkctronic  iceasur- 
INO  KQUiPiiBNT  include:  G-E  wave 
meters,  capacitometers,  power  sup- 
fdies,  square  wave  generators,  signal 
generators  and  various  other  instru¬ 
ments  in  the  ultra-high  frequency 
and  micro-wave  fields  for  measuring 
dectronic  circuits  and  checking  com¬ 
ponent  parts. 

For  complete  details,  please  mail 
the  coupon  below.  We  invite  your 
inqiiiry  for  G-E  electronic  measur¬ 
ing  equipment  made  to  meet  your 
specific  requirements. 


FREE 

CATALOG 


ELECTRONICS  M 

OEFARTMENT 

GENERAL  ELECTRIC  CO.  • 

ScAe— ctody,  N.  Y. 

Please  send,  without  ohlfKatinn  to 
me.  the  General  Electric  Mensurinfc 
Iniitniinent  Qitaloz.  E-T  (loose-leaf), 
lor  my  information  and  files. 


(ToMpony. 

Addre**_ 


Filament 

Characteristics 

(Continued  from  page  130) 


inal  voltage  tube.  For  example,  a  j 
35-volt  tube  may  be  represented  by  i 
5.55  tubes  of  6.3  volts  nominal 
rating. 

Substitution  in  Eq.  (22)  and 
(23)  of  the  conditions  of  the  prev¬ 
iously  discussed  case  of  two  tubes 
(Nm  =  1  and  Nl  =  1)  with  m  =  5, 
p  =  10  and  (n,  —  nr)/(n,  -f  n,) 
=  0.61  gives  -fl.8  percent  and  —2.0 
percent  for  the  supply  voltage  tol¬ 
erance,  which  is  in  good  agreement 
with  the  graphical  solution. 

An  examination  of  the  case  of 
three  tubes  in  series  where  N„  =  2, 
Nt  =  1,  m  =  5,  p  =  10,  and  (n*  — 
Wr)/(n,r  -I-  w,)  =  0.61  gives  the  tol¬ 
erance  on  the  supply  voltage  as  —1 
percent  and  —4.7  percent.  In  other 
words  the  supply  voltage  can  never 
be  permitted  to  rise  to  normal  with¬ 
out  exceeding  the  maximum  voltage 
rating  on  the  low  filament-current 
:  tube. 


general  O  electric 

Cloetroaic  Mcotarlag  fastramcafs 


While  watching  American  poratrooperi 
make  practice  jumps.  Prime  Minister 
Winston  Churchill  listens  to  the  orders 
and  directioiu  given  by  radio  with  a 
Handie-Talkie  mode  by  Galvin  Mig.  Co. 


it  costs  you  LESS 
To  pay  a  little  more 
For  SILLCOCKS-MILLER 
Precision-made  Plastics 


The  curves  given  in  Fig.  1  enable 
the  transposition  of  heater  or  fila¬ 
ment  operating  conditions  within 


HANDIE-TALKIE  IN  THE 
NEWS 


YOUR  QUALITY  SOURCE 
FOR  DESIGN,  DEVELOP¬ 
MENT  AND  CLOSE- 
TOLERANCE  PRODUCTION 

If  your  plastic  parts  or  products  call 
for  fabrication  to  extremely  close 
tolerances,  look  to  Sillcocks-Miller  spe¬ 
cialists  .  .  .  pioneers  of  precision-made 
plastics. 

Recognized  everywhere  for  high  quality 
fabrication,  The  Sillcocks-Miller  Com¬ 
pany  offers  you  a  combination  of  long 
experience,  know-how  and  outstanding 
facilities  to  help  you  in  the  design,  de¬ 
velopment  and  production  of  your 
plastic  parts  requirements. 

You  may  pay  a  little  more  for  Sillcocks- 
Miller  quality,  but  it  costs  you  less  in 
the  long  run  —  performance,  satisfac¬ 
tion  and  savings  considered. 

Wrii»  tor  from  booklot  prtonftng  a 
4-point  serv/cc  to  kolp  dotignort  and 
manufocturon. 


SILLCOCKS-MILLER  CO. 

office  A  Factory 

10  W.  PARKER  AVE.,  MAPLEWOOD,  N.  J. 
Mailing  Address:  SOUTH  ORANGE,  N.  J. 


H  Costs  You  Less  to  Pay  a  Little 
More  for  Sillcocks-Miller  Quality 
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the  usual  desired  engineering  ac¬ 
curacy  for  electron  tube  applica¬ 
tions.  These  curves  should  not  be 
used  when  an  accuracy  within  :±:3.5 
percent  for  filament  current  is  de¬ 
sired  with  a  :±:26  percent  change  in 
filament  voltage.  The  percentage 
of  error  in  all  equations  converges 
to  zero  as  the  ratio  of  EJE,  ap¬ 
proaches  unity,  or  the  smaller  the 
percentage  change  of  voltage  in  the 
transposition  the  smaller  the  de¬ 
gree  of  error.  A  limited  number  of 
types  of  filaments  and  heaters  have 
been  examined  and  found  to  give 
good  agreement  with  the  curves  of 
Fig.  1.  The  accuracy  of  the  volt- 
ampere  characteristic  can  be  es¬ 
tablished  by  experimentally  deter¬ 
mining  (n.  —  n,)/(n*  -f-  n,)  for  the 
particular  application.  This  deter¬ 
mination  may  be  made  from  the  re¬ 
lation 

n,— n,  log(gi/Jft) 


n*  +  n,  log  (/i//,) 

where  /„  Ei  and  It,  E,  are  currents 
and  voltages  at  known  operating 
points. 

Once  the  value  of  (n«.  —  n,)/(n, 
-f  Ur)  has  been  established  over  the 
probable  application  range  of  volt¬ 
age  the  operating  conditions  of  a 


WANTED 

Radio  and  Electronic 
Engineers 

Project  and  design  engineers 
experienced  in  the  Held  oi  com¬ 
munications  equipment,  cmd 
radar. 

Openings  also  for  junior  engi¬ 
neers  to  serve  as  assistants  to 
Senior  project  men. 

Positions  available  for  engi¬ 
neering  inspectors,  draftsmen, 
and  tracing  checkers. 

Hudson  American  Corporation 

25  W.  43rd  Street 


New  York.  N.  Y 


Qmeter 

I 


A  dependable  direct-readinj;  i:i»truraent  for  deter¬ 
mining  the  Q  or  the  ratio  of  reartanee  to  resistance, 
ofccnls.  Used  in  design  and  produetioii  engineering 
of  Radio  and  Electronic  equipiiient.  Condensers 
and  otlier  components  readily  measurable. 


fU-trrmines  effettUf 
4  idurtunce  or 
ai/Htcitancf 


BOONTO^RADIO 

COONTON,  N.  J. 


D€SIGN{«S  AND  MANUfACTUK»S  OF  THE  "O"  METE*  QX  CHECKEH  .  FREQUENCY  MODUIATEO  SICNAl 
GENERATOR  .  .  .  BEAT  FREQUENCY  GENERATOR  AND  OTHER  DIRECT  READING'  TEST  INSTRUMENTS 


TYPES  .  BY^PASS 
5  ELECT ROLYffC 


AMERICAN  CONDENSER  CO. 


group  of  filaments  in  series  may 
then  be  predicted  for  various  sup¬ 
ply  voltages.  This  permits  the  sup¬ 
ply  voltage  tolerance  to  be  estab¬ 
lished  such  that  the  applied  filament 
voltage  tolerance  may  not  be  ex¬ 
ceeded. 

The  solutions  given  here  repre¬ 
sent  the  steady-state  conditions  and 
do  not  indicate  what  may  happen 
during  the  initial  application  of 
voltage  or  for  short-time  voltage 
transients. 

The  writer  is  indebted  to  Mr. 
A.  C.  Grimm  for  suggestions  as  to 
the  method  of  attack  in  the  solution 
of  a  group  of  tubes  in  series  and  to 
Mr.  E.  E.  Spitzer  for  his  criticism 
and  suggestions  in  the  preparation 
of  this  manuscript. 


most  importaat 

liras  im  Rsdio.  Klsetroaics,  Air- 
orsit,T*lsphoBs,CoaiSiuaiea-  ^ 
tioas  fislds  ars  isolndsd 
saoB9  KKLNOR'S 
SATISFIED 
USERS 


DHficiiK  Places  Easy  to  Solder 

witK  spscially  dssignsd  . . .  light  but 
strong,  wsldsd  construction,  procision 
built  KELNORI  “Rsnol"  of  KELNOR 
3Vi"  long,  %'*  disastor.  10"  oTstsll 
length.  Each  of  thtao  KELNOR  mod- 
•Is. ..65  waHs,  100  waHs,  125  waHs,.. 
WEIGHS  ONLY  S  OUNCES 


MIDOET  RADIOS:  In  crampad  spac*  KELNOR  •if*etiv*ly 
r«ach«s  coadonsars  and  wiring  without  danger  oi  burning 
insulation.  Connoctions  at  bottom  of  coils  can  ba  soldered 
from  the  top,  eliminating  possibility  oi  melting  wax,  espe¬ 
cially  important  in  the  ease  of  oscillator  coil. 

CHASSIS  WORK:  KELNOR  can  be  dipped  into  chassis 
and  turned  up  at  any  angle,  making  those  awkward  connec¬ 
tions  without  striking  edge  of  chassis.  No  need  to  remoYO 
top  wiring  or  condensers. 

RELAY  RACKS:  Joints  can  be  soldered  from  side  or  back 
without  loosening  mounting  bolts.  KELNOR  can  reach  oyer 
lop  of  relay. 


Special  KELNOR  Alloy 
^tmndablm.  Corrosive* 
Roaiatant  Tip 

runs  completely  Hirough  center  of 
barrel.  Tip  con  be  extended  3l4" 
to  reoch  out-of-the-way  places. 


(1)  Jones  and  Langmuir,  The  Charac¬ 
teristics  of  Tungsten  Filaments  as  Func¬ 
tions  of  Temperature,  Oeneral  Electric  Re¬ 
view,  June,  July  and  August,  1927. 

(2)  “Temperature — Its  Measurement  and 
Control  in  Science  and  Industry.”  Ameri¬ 
can  Physical  Society.  Relnbold  Publishing 
Co.,  New  York,  p.  1186. 

(3)  Worthing,  A.  0.,  Physical  Properties 
of  Well  Seasoned  Molybdenum  and  Tanta¬ 
lum  as  a  Function  of  Temperature,  Physical 
Review,  t8.  No.  1. 

(4)  Mellor,  Joseph  W.,  “Conytrehenslve 
Treatise  on  Inorganic  and  Theoretical 
Chemistry,”  Longmans  and  Co.,  New  York. 

(5)  Forsythe.  W.  E.,  “Measurements  of 
Radiant  Energy,”  McGraw-Hill  Book  Co., 
New  York,  p.  32. 


PENCIL  TIP 
(3/l6"s9M")  for  Wire  Soldering 


APPROVED  BY  UNDERWRITERS  LABORATORIES 
Order  from  your  JOBBER.  For  more  facts,  prices,  write  Net*! 
Seles  Agent,  Wm.  Weston  &  Co.,  550  Page,  Sen  Francisco  17 
OR 


PYRAMID  TIP 

(14"dia.  head)  for  flale  Solderisg 


Enemy  Radio 
Equipment 


(Continued  from  page  ISS) 

and  receiver  chassis  castings. 

The  sensitivity  of  the  9-tube 
superheterodyne  receiver  was 
found  to  be  4  microvolts  for  a  10- 
milliwatt  signal,  and  selectivity  was 
50  kc  at  20  db  down.  The  inter¬ 
mediate  frequency  is  3  Me.  The  re¬ 
ceiver  chassis  is  divided  into  three 
castings ;  the  top  section  houses  the 
i-f  and  second  detector  stages,  the 
center  section  houses  the  r-f  and 
mixer  stages,  and  the  bottom  sec¬ 
tion  contains  the  output  stage.  A 
section  can  be  replaced  in  half  a 
minute  if  faulty  or  damaged.  All 
nine  tubes  are  Type  RV12P2000 
pentodes. 

Four  click  stop,  pre-set  frequen¬ 
cies  may  be  set  up  on  both  units  to 
aid  in  easy  and  quick  tuning.  The 
dials  of  both  the  transmitter  and 
receiver  are  identical  in  appear¬ 
ance  and  directly  calibrated  in  Me 
to  further  facilitate  tuning. 

In  many  installations,  the  set  is 


CHICAGO  37,  ILLINOIS 


Alter  exhaustiye  tests,  two  well  recog¬ 
nized  technical  schools  have  found 
Superior  silver-impregnated  brushes  a 
satisfying  answer  to  varied  cmd  dif¬ 
ficult  operating  conditions.  Considera¬ 
ble  business  has  already  been  placed 
with  us  on  this  new  Superior  product 
Silver  impregnation  gives  important 
advantages,  especially  on  motors  for 
precision  instruments  in  aircraft  and 
naval  applications.  The  degree  of  im¬ 
pregnation  con  range  from  5%  to  70% 
to  suit  many  purposes. 


XI  TO 


Will  you  outline  your  problem  to  u$? 


SUPERIOR  CARBON 
PRODUCTS,  INC. 

9117  George  Avenue 
CLEVELAND  5.  OHIO 
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ifObX' 


?SSi 


Address 


RADIO  MASTS 
and  TOWERS 


7  I  ^  \\ 

//  f  L  SPEED  KING  A 

t/  /  (illustrated)  ^ 

t  is  to  200  ft.  ' 


Whatever  your  problems  may  be, 
HARCO  can  solve  them  from  every 
Engineering  angle.  If  none  of  our  16 
Standard  Designs  meet  your  require¬ 
ments,  we  can  give  you  a  "Custom 
Built"  iob. 

Please  send  complete  design  specifi¬ 
cations  when  inquiring  for  detailed 
information. 


STEEL  CONSTRUCTION  CO.,  Inc. 

Elixabeth  4,  New  Jersey 


German  Torioble  capadton  used  in  current 
production.  Steatite  shafts  insulate  the 
molded  alloy  rotor  section,  permitting 
grounding  of  the  one-piece  molded  alloy 
stotor.  Groores  in  rotor  plates  permit 
spreading  apart  or  squeesing  together 
rotor  surfaces  for  precision  trocking 

not  placed  so  that  the  operator  can 
manually  adjust  the  controls;  there¬ 
fore,  tuning  motors  have  been 
added  and  by  merely  flipping  a 
switch,  either  of  two  channels  may 
be  selected.  An  additional  tuning 
motor  is  used  to  change  the  fre- 


CHARACTERISTICS 

Spacific  gravity  of  only  2.5  to  2.4 
Wator  absorption  S.  I.S-O.OOl  per 
cant.  Par  cant  power  factor. 

S.  1.5  to  40  cycles  was  only  0.0145. 
Dialactric  constant  at  40  cycles 
was  5.M000  KC  5.4. 


Makers  of  electrical  and  radio  apparatus  des¬ 
tined  for  war  service  are  findins  in  LAVITE 
the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and 
dielectric  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  adds,  and 
.high  heat.  The  exceedingly  low  loss-faaor 


D.  M.  STEWARD  MFG.  COMPANY 

Maim  Office  &  Works:  Chattanooga,  Tenn, 
New  Yark  Naadhaai,  Mast.  Chicaia  Las  Antales 


Be  up  to  date  on 
Electromagnetic  T heory 
Read 


Fields  and  Waves' 
in  Modern  Radio 


STEATITE 

CERAMIC 


SIMON  RAMO,  Elte- 

tronics  Laboratory  of 
?  General  Electric  Com¬ 

pany  and  Union  Col¬ 
lege,  and 

'r'l  JOHN  R.  WHINNIRY, 

Electronics  Laboratory 
of  General  Electric 
Company. 

Written  from  an  engineering  stand¬ 
point,  the  material  in  this  book  has 
proved  highly  successful  in  training 
radio  engineers. 

You'll  wolcome  a  book  thot 

Relates  . . .  field  and  wave  theory. 

Supplies  ...  the  fundamentals  of 
ultra-high  frequency  engineer¬ 
ing. 

Explains  .  .  .  high-frequency  cir¬ 
cuits  and  how  to  apply  the  field 
and  wave  theory  in  modern 
radio. 

includes  .  .  .  physical  pictures  and 
useful  methods  for  the  calcula¬ 
tion  of  characteristics  of  radio 
system  components. 

Requires  .  .  .  only  a  basic  knowl¬ 
edge  of  elementary  calculus  and 
physics  to  understand  its  con¬ 
tent. 

Increase  your  skill  in  using  this  essen¬ 
tial  field  and  wave  theory  by  studying 
the  excellent  illustrations.  Check  your 
knowledge  against  the  diagrams,  charts, 
problems  and  tables  reproduced  in 
"Fields  and  Waves  in  Modern  Radio.” 

503  Pagus  llln$troted  $5.00 


ON  A^fRO^AL  COUPON 

JOHN  WILEY  &  SONS,  Irc. 

440  Fourth  Avumn,  Nuw  York  16,  N.  Y. 

Please  send  me  on  ten  days’  approval  a 
copy  of  FIELDS  and  WAVES  IN 
MODERN  RADIO.  At  the  end  of  that 
time,  if  I  decide  to  keep  the  book,  I  will 
remit  $5.00  plus  postage;  otherwise  I  will 
return  the  book  postpaid. 


City  and  State . 

Employed  by  . E-7-44 
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quency  as  much  as  plus  or  minus 
30  kc  in  the  event  the  frequency  is 
off  calibration. 

German  equipment  was  designed 
for  use  only  on  the  European  conti¬ 
nent  and  therefore  does  not  require 
tropicalization  to  prevent  fungus 
growth  or  humidity  troubles. 

Japonm*  Eqaipmciit 

Japanese  radio  equipment  first 
brought  into  this  country  after 
Pearl  Harbor  showed  inferior  de¬ 
sign  and  workmanship,  but  today 
we  have  a  much  different  picture. 
Newer  and  altogether  differently 
designed  equipment  with.- excellent 
workmanship  and  performance  has 
been  found,  which  proves  that  the 
Japanese  have  advanced  consider¬ 
ably  in  the  field  of  radio,  or  have 
hired  competent  foreign  engineers. 
Chassis  are  patterned  after  Ameri¬ 
can  design,  and  the  framework 
around  the  chassis  is  usually  made 
of  stainless  steel  or  chrome  plated 
brass.  An  abundance  of  brass  is 
used  throughout  the  construction 
for  shielding,  gear  mechanisms, 
nuts,  bolts  and  brackets.  Power  is 
brought  in  through  cables  that 
have  plugs  resembling  American 
patterns. 

All  sets  are  mounted  on  a 
horizontal  plane,  like  American 
equipment,  rather  than  a  vertical 
plane  as  used  by  the  Germans,  and, 
of  course,  real  rubber  shock  mounts 
are  used.  Crystal  control  is  used 
throughout;  crystals,  most  of 
which  are  “BT”  cuts,  possess  a  low 
temperature  coefficient.  Antenna 
ammeters  have  changed  from  the 
old  hot-wire  type  to  the  moving-coil 
variety.  Resistors  are  usually  one 
physical  size,  capacitors  use  high- 
grade  mica  insulation  with  Bake- 
lite  covers,  and  relays  are  of  the 
plug-in  type.  High-grade  Bakelite 
and  steatite  insulation  is  used 
throughout.  Units  have  test  panels 
to  facilitate  quick  checking  of  volt¬ 
ages.  Tubes  have  been  standard¬ 
ized  to  make  replacement  easier. 

Japanese  Model  99  Sets 

One  of  the  latest  complete  Japan¬ 
ese  sets  received  in  this  country  is 
the  Model  99  Type  3  aircraft  radio 
command  set.  It  was  removed 
from  a  light  bomber-reconnaissance 
plane  which  crashed  in  Kunming, 
China,  in  September  of  last  year. 
It  consists  of  a  5-watt  crystal-con¬ 
trolled  transmitter  using  two  807-A 


Require  j 
Electronic  | 
Controls  or 
Assemblies  1 
For  Your  | 
Post-war  3 
Products?  I 
Perhaps  we  J 
Can  Help  | 


Vi  hatever  your  problems  or  needs 
may  be,  our  broad  exjHjrience  in 
the  design  and  manufacture  of 
electronic  devices  may  offer  the 
answer.  Your  inquiries  will  be 
held  in  strict  confidence,  and  will 
place  you  under  no  obligation. 


Among  oar  present  prodnets  are 

*  Eicetronie  Soand  Devices  •  Inter- 
eornmnnicating  Systems  •  Industrial 
Veicc-Pagins  and  Broadcasting 
Equipment  •  Permonent  and  Port¬ 
able  Amplifying  Systems  •  Record¬ 
ing  and  Disc-Playing  Units  •  Elec¬ 
tronic  Controls  •  Operating 
Sequence  Recorders  •  Other 
Spcclol  Electronic  Devices. 


BELL  SOUND  SYSTEMS,  INC. 

1189  Essex  Ave.  Columbus  3,  Ohio 

Eiiport  Off.  4900  Euclid  Aic..  Clmland  3,  Ohio 


TESTING  INSTRUMENTS 


“k  Design  proven  by  over  5  years  pro¬ 
duction 

ft  Duet  D.C.  Sensitivity — 25,000  ohms 
per  volt  end  1000  ohms  per  volt. 

■k  K4etched  resistors  of  ly,  eccureey 

"k  Push  button  operated — no  roeminq 
test  leads 

■k  Open  face — wide  scale  4’/|”  meter. 
40  microamperes  sensitivity. 

4*  I  K4icroampere  first  scale  division. 


SPECIFICATIONS 


D.C.  MICnOAMPCRCS: 

0-70-700  microampere* 

D.C.  MILtlAMMCTCO: 

0-7-3S-140-3S0  miltiomoeref 
D.C.  AMMCTCfl 
0*i.4*14  Ampere* 

D.C.  VOI.TO.  2S.OOO  OHMS  PCK  VOLT: 

0-3.$-7-3S-140-3S0-700-1400  volt* 

D.C.  VOLTS.  lOOO  OHMS  OCR  VOLT: 

0-3. S-7-3S- 140-350-700*1400  volt* 

A.C.  VOLTS.  lOOO  OHMS  OCR  VOLT: 

0-7-3S-14O-3SO-7OO-14OO  volt* 

OUTRUT  VOLTMCTCR; 

0-7-3S-140-3S0-7O0-1400  voH* 

DCCIBCL  MCTCR; 

O  Ob  to  piM*  40  Ob 
OHMMCTCR: 

0-500-5000-50. OOO-SOO.OOO  OHMS 
O-S-SO  MEGOHMS 
POWER  SURRLY 
•Attery  OperAted 

With  the  above  specifications  the  Suprema 
Model  592  Speed  Tester  meets  today's  re¬ 
quirements  for  general  laboratory  use,  as¬ 
sembly  line  tests  and  inspection,  radio  and 
other  electronic  repair  and  maintenance. 


^iiiaudagraph  ^peakor 

391  1  S.  Michigan  Ave.,  Chicago 


Pyroferric  Co. 

STREET  NEW  YORK,  14,  N.  Y 


175  VARICK 


to  6.0  Me,  and  the  receiver  fre¬ 
quency  is  1.5  to- 6.7  Me  in  two 
bands.  The  807 A  tubes  used  in  the 
transmitter  are  almost  identical  in 
electrical  characteristics  to  Ameri¬ 
can  807  tubes,  except  the  Japanese 
807 A  has  a  smaller  (tla^s  envelope. 
The  receiver  6F7A  tubes,  except 
for  an  octal  base  and  metal  en¬ 
velope,  are  identical  to  the  Ameri¬ 
can  6F7  which  uses  a  seven-pronpr 
base  and  glass  envelope. 

Excellent  performance  of  the  re¬ 
ceiver  is  suggested  by  the  sensitiv¬ 
ity,  found  to  be  1.2  microvolts  for 
a  5-milliwatt  signal  at  its  optimum 
point;  the  selectivity  measured  6 
db  down  at  10  kc  off  resontance. 
The  image  rejection  ratio  is  62.66 
db  at  3.2  Me.  Voltages 


Tiniav,  front  lin«-  performance  that 
takes  grueling  punishment  in  stride 
—  Tomttrroiv,  the  same  unsurpasse<l 
performance  for  civilian  u.se.  In  case 
delivery  is  sIoh  ,  remember  the  armed 
forces  get  first  preference.  Watch  Cin- 
audagraph  Speakers  After  Victory  ! 


supplied 


•  FOR  HEAVIER 
COATINGS 


•  FAST  AND 
ECONOMICAL 


REQUIRES  ORLY  RAPID  ELECTROLYTE- 
RAPID  METAL  CLEARER— RAPID  APPLICA¬ 
TOR 

•  Plating  currant  U  obtatnad  from  dry 

caUa,  atoraga  bottarr.  or  any  convanlant 
aourca  of  diract  currant  at  3  to  C  V..  or 
uaa  Rapid  Plating  Ractiiiar  for  haory  - 
work.  - 

•  For  ailvar  auriacing  bua  bar  connac- 
t'ona.  luga.  awiteb  bladaa,  ate.  For  plot-  .• 
ing  or  touching  up  miacaUoaaoua  aux- 
iacaa  with  cadmium,  nickal,  alnc.  eoppar  . 
and  gold.  Building  up  limitad  oraaa.  , 
Hard  auriacing  with  niekbL  Uaad  in 
ahop  or  Hold.  Spacial  opplicotora  da- 
aignad  to  apaad  up  production  Una  ioba. 

Oar  loborofory  it  glad  to  ceoparofa. 

No  obllgatlom 

Rapid  Electroplatiig  Process,  Inc. 

1414  S.  VTabaah  Av«.,  Chicago  5,  III. 

*21  ftroybor  Bldg.  237  Rialto  Bldg. 

Haw  YoHt,  N.  Y.  Saa  Franciteo,  Colit. 


powdered 
prec,.;on  hsfrument , 
specfffcdfion; 
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cores  have  kept 
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VOLTAGE  or  2W 
BATTERY  &  CHARGER 
VARIES  APPROX 


WITH  AMPERITE 
VOLTAGE  VARIES 
ONLY 


t\MPERITE  CO.,  561  Broadway,  New  York  (17),  N.  Y. 

In  Canada:  Atlas  Radio  Corp.,  Ltd.,  560  King  St.,  W.  Toronto 


ENGINEERS:  Here's 
the  BIG  POINT  about 

AMPERITE 

REGULATORS 


^pccUute^: 

1.  Amperites  battery 

voltage  fluctuation  from 

to 

2.  — 
by 

humidity. 

3.  Compact  .  .  .  light  .  .  . 
and  inexpensive; 

MUsed  by  U.S.  Army',  Navy, 

and  Air  Corpr." 

plAy  RELAYS:  For  delays  from  1  to  100  seconds. 

trmetically  sealed.  Unaiiected  by  altitude. . . .  Send  for  catalogue  sheet. 

LNEW!  4-page  folder  will  help  you  solve  Current  and  Voltage  Problems: 
|wntains  much  valuable  data  in  practical  form  —  Write  tor  your  copy  now. 


Modem  laponese  aircraft  radio  transmittei. 
a  part  of  the  Model  99  Type  3  set  Volnen 
of  resistors  and  capacitors  are  marked  in 
English,  and  American  chassis  construction 
is  employed 


from  the  associated  dynamotor  unit 
are  600  volts  to  the  transmitter  and 
260  volts  to  the  receiver. 

The  Model  99  Type  3  is  well  de¬ 
signed  with  regard  to  servicing 
as  well  as  electrical  performance. 
Parts  are  all  standardized,  with 
very  few  special  parts  incorporated. 
Values  of  resistors  and  capacitors 
are  marked  in  English  and  are  not 
critical.  The  fixed  capacitors  var¬ 
ied  2  to  10  percent  from  indicated 
values.  Mica  capacitors  use  sprayed 
metal  on  mica  instead  of  metal  foil 
separated  by  mica  insulation.  The 
capacitor  leads  are  heavy,  flat,  hard 
tinned  copper,  which  facilitates 
rigid  mounting.  Although  the 
maximum  voltage  used  is  600  volts, 
the  capacitor  ratings  are  all  1000 


Manufactured  under  gov¬ 
ernment  specifications  with 
government  inspection  at  our 
plant 


PROMPT  DELIVERIES 


Chicago,  III. 


3317  N.  Crawford  Avo. 


imhiMieMT  MACtms 


\  ALL  SHAPES  — ALL  SUES 
\  POR  ALL  PURPOSES 

Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
sten  Cobalt  and  ALNICO**  (cast  or  sin- 
tered)  under  G.  E.  license. 

W  THOMAS  &  SKINNER 

^  STEEL  PRODUCTS  COMPANY 

1116  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

Laminations  for  Radio  Transformers  —  Tools 
Dios — Heat  Treating — Stampings 


BoHom  view  of  modora  Jopanoto  aircrait 
radio  rocoiver,  used  with  Model  99.  Type  3 
rodio  set.  Note  mounting  of  resistors  in 
vertical  positions 
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CONDENSER  PRODUCTS  CO. 

548  Westchester  Avenue, 

New  York  55,  N.  Y 

Specialists  in  Condensers  since  1926 


METAL  ETCHING  CO. 

21-03  44th  AVE. 

LONG  ISLAND  CITY,  NEW  YORK 


to  1600  volts.  A  highly  polished 
high-grade  B  a  k  e  1  i  t  e  is  used 
throughout  the  set  except  for  coil 
forms  and  tube  sockets,  which  are 
of  steatite.  The  undersides  of  the 
receiver  and  transmitter  chassis 
contain  clearly  numbered  resistors, 
capacitors  and  chokes,  arranged  in 
an  orderly  manner,  according  to 
size,  in  a  vertical  position.  Despite 
the  small  space  available  in  this  re¬ 
ceiver,  the  arrangement  and  neat 
color-coded  wiring  of  components 
is  such  that  it  provides  for  ready 
accessibility  and  servicing. 

The  set  does  not  have  push-but¬ 
ton  tuning  as  used  in  the  newest 
American  sets,  nor  does  it  operate 
in  a  vhf  band  like  both  the  Ameri¬ 
can  and  German  command  sets. 
However,  it  has  been  superseded  by 
a  new  Model  99  Type  4  aircraft 
radio  command  set,  which  does 
operate  in  a  vhf  band. 

The  Type  4  is  of  the  same  gen¬ 
eral  construction  as  the  Type  3,  but 
of  a  different  frequency  range,  44 
to  50  Me.  Although  the  receiver 
of  the  Type  4  is  crystal-controlled 
by  three  crystals,  it  receives  over 
the  entire  range,  44  to  60  Me.  This 
is  accomplished  by  tuning  the  inter- 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


LOW  CAPACITY 


for  Large  Quantity. 
Quick  Delivery 


A  compact,  sturdy  terminal  strip  with 
Bakalita  Barriers  that  provide  maxi¬ 
mum  metal  to  metal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

A  SIZES 

cover  every  requirement.  From 
wide  and  13/32"  high  with  5-40  screws 
to  21/2"  wide  and  I'/i"  high  with 
*/l"-28  screws. 

Jones  Barrier  Strips  will  improve  as 
well  as  simplify  your  electrical  intra¬ 
connecting  problems.  Write  today 
for  catalog  and  prices. 


HOWARD  B.  JONES 

2460  West  George  Street 
CHICAGO  18  ILLINOI 


PULSE 


GENERATOR 


A  War  Time  Development 
Now  Available  on  Priority  or 
Directive  Orders 


FEATURES 

•  D!C.  pulses,  from  0.4  to 
120  micro  -  seconds  positive  or 
negative,  suitable  for  many 
direct  engineering  measure¬ 
ments  and  observations,  and  for 
pulse  modulating  an  R.  F.  sig¬ 
nal  generator.  Output  calibrated 
and  continuously  adjustable. 
Pulses  may  be  obtained  from  50 
to  20,000  pulses  per  second  with 
an  external  audio  oscillator. 

•  This  instrument  will  also 
furnish  an  expanded  sweep 
voltage  for  an  associated  oscilli- 
scope  and  an  advanced  positive 
pulse  for  os<-illisc’opes  with 
“slave”  sweeps. 

For  Full  Information, 

W rite  for  Bulletin.  No.  700- .4. 

COLONIAL  RADIO  CORP. 

BUFFALO  7,  N.  Y. 


Send  your  specifications 
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mediate  frequency  stages.  -This 
system  not  only  provides  excellent 
frequency  stability,  but  also  pro¬ 
vides  i-f  alignment  at  all  times. 

By  comparison  with  American 
equipment,  the  enemy’s  equipment 
is  definitely  below  standard;  how¬ 
ever,  enemy  equipment  does  per¬ 
form  well  and  serves  its  purpose 
very  well.  Standardization  in 
order  to  achieve  mass  production, 
provide  simple  servicing  in  the 
field,  and  make  operation  simple 
has  been  incorporated  in  enemy 
equipment  and  shows  that  the 
enemy  is  aware  of  the  important 
factors  governing  successful  com¬ 
munications  for  fighting  forces. 


TECHNICAL 

NOTES 

Excerpts  from  New  Home 
Study  Lessons  Being  Pre¬ 
pared  under  the  Direction 
of  the  CREI  Director  of 
Engineering  Texts 


And  cut  rejuctiont  and 
costs  with  STBDMAN  pra- 
cision-mada  dummy  tubas, 
tuba>pin  straightanars,  ate. 


Iconoscope 


fff  This  month  CREI  is  publishing 
yn  the  third  and  final  article  of  a 

^  series  on  the  iconoscope.  This 

-  is  one  of  a  series  of  interesting 
^  technical  articles  appearing  each 
month  in  the  CREI  NEWS,  of* 
^  ficial  organ  of  the  Capitol  Radio 
Engineering  Institute. 

^  This  final  article  analyses  the 
O  action  of  the  iconoscope  when  a 
>4  acene  is  optically  focused  on  it, 
together  with  a  discussion  of  the 
^  advantages  and  disadvantages  of 
this  type  of  pickup  device.  Al* 
m  together,  the  reader  will  have  a 
^  good  physical  picture  of  the 
M  action  of  the  iconoscope  from 
tb  these  articles. 

At  some  later  date,  the  techni¬ 
cal  staff  of  CREI  intends  to  pr^' 
sent  an  analysis  of  the  action  of 
the  orthicon. 

Since  the  appearance  of  these 
technical  articles  in  the  CREI 
^  NEWS,  copies  have  been  very 
much  in  demand.  W  rite  at  once 
for  the  July  issue  which  includes 
this  final  article  on  the  icono¬ 
scope.  Also  indicate  if  yon 
would  like  to  be  placed  on  our 
mailing  list  to  receive  the  CREI 
NEWS  each  month.  There  is  no 
Q  charge  or  obligation. 

Those  who  are  already  receiv* 
ing  this  monthly  magazine  can 
^  further  ,  benefit  from  it  by  writ- 
ing  to  The  Editor  and  suggesting 
U  technical  topics  they  would  like 
to  ^  have  discussed.  We  are 
fi  anxious  to  make  the  CREI 
Z  NEWS  interesting  and  of  service 
to  you. 

cn  ★  ★  ★ 

U 

_  The  subject  of  “The  Iconoscope** 

^  tt  but  one  of  many  that  are  ba> 

O  ing  contlantly  revised  and  added 

^  to  CREI  lessons  bv  A.  Preismin, 

®  Director  of  Engineering  Texts,- 

tinder  the  per>en  1  supervision 
^  »»f  CREI  •^resident,  -E.  H. 

wm  Rielake.  CREI  homo' 

courses  are  of  college  calibre  fj» 

Jg  the  professional  engineer  and 

tcclinirian  who  recognises  CREI 
^  training  as  a  proven  program 

personal  advancement  in  the 
field  of  Radio-E'ertronics.  Com- 
^  ple!e  details  of  the  hrme  s’uJv 

conrt-es  sen*  on  request.  .  •  . 

Aak  for  36-pare  hrokle  . 


ECONOMICAL— EFFICIENT 
This  tpacial  devica  was  designed 
to  aid  a  manufacturer  in  accurate 
alignment  of  chassis  with  panel 
opening  and  contact  points.  We 
will  aid  you  in  developing  a  similar 
item  designed  for  your  particular 
need.  Send  us  your  specifications. 
Permit  us  to  submit  sample. 


(Continued  from  page  139) 


easily  compensated  by  shifting  the 
grid  bias.  The  same  adjustment 
also  serves  to  adjust  the  meter  zero. 
As  the  output  of  the  vacuum-tube 
bridge  is  in  a  straight-line  relation 
to  the  grid  voltage,  the  full-deflec¬ 
tion  setting  of  the  meter  can  be  cor¬ 
rected  by  a  shunt  across  the  meter. 

Tamparutar*  Coatrol  Arruagamants 

If  the  circuit  is  to  be  used  di¬ 
rectly  for  control,  the  meter  is  re¬ 
placed  by  a  sensitive  relay  and  a 
potentiometer  is  used  in  place  of 
the  two  resistors  across  the  relay. 
The  setting  of  the  potentiometer 
then  determines  the  controj  point, 
which  is  the  temperature  at  which 
the  bulb  has  the  proper  resistance 
for  bridge  balance. 

To  bring  up  the  sensitivity  of  the 
device,  a  conventional  amplifier 
stage  is  added  ahead  of  the  vacuum- 
tube  bridge.  The  plate  voltage  is 


DUMMY  MINIATURE  TUBE 

Precision  mad*.  Sfainlass  Steal  Pins. 
Used  to  hold  socket  clips  in  correct 
alignment  during  wiring. 

Meets  reqelrements  of  WFB  seb- 
eommittee  or  Riieiatere  tebes. 


MINIATURE  TUBE  FIN 
STRAIGHTENER 

Used  with  hardened  tool  steel  insert 
for  factory  use.  Also  stainless  steel 
insert  when  resistance  to  corrosion 
is  desired.  Precision  made.  Body 
and  posts  cadmium  plated.  Inserts 
replaceable. 

Illustrated  above  are  a  few  of  the 
products  we  are  now  delivering  to 
leading  equipment  manufacturers. 
Standard  items  available.  Special 
items  to  fit  your  particular  require¬ 
ments. 

Ycur  Inquiry  Will  RM«iv,  Our  Promet  Attantion. 

ROBERT  L  STEDMAN 
MACHINE  WORKS 
Oyst*r  Bay,  N.  Y.  Tel.  1532 


ENGINEERING  INSTITUTE 

E.  H.  RIETZKE,  President 

Home  Study  Cour$e$  in  Practical  Radio- 
Eleetronict  En/fyteerinf  for  Profettional 
Self-Improvement 

.Dept.  E-7.  3224— 16th  St.  N.  W. 
WASHINGTON  10.  D.C. 

Contractor,  to  the  C.  S.  Nivy  —  U.  S. 
Coast  Guard  —  Canadian  Broadcastina 
Corp.  —  Producers  of  Well-trained  Tech¬ 
nical  Radiomen  for  Industry. 


Resistonce  (R„) 

Voltage  unbalance  of  a  Wheatstone  bridge 
plotted  against  the  value  of  the  variable 
thermome’ir'x  resistance  in  one  arm  of  the 
bridge,  for  a  constant  impressed  voltage 
E  and  equal  resistance  values  R  in  the 
other  three  arms  of  the  bridge 
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Bupplied  by  a  tsrpe  80  tube,  filtered 
merely  by  a  capacitor. 

The  sensitivity  of  this  circuit  can 
be  easily  adjusted  to  a  control  range 
of  ±0.01  deg  F.  To  allow  sufiAcient 
safety  factor  for  reliable  operation 
in  cases  where  occasional  sticking 
of  the  relay  would  provide  a  major 
hazard,  the  relay  should,  however, 
be  adjusted  to  a  sensitivity  of  not 
more  than  ±0.1  deg  F. 

Advastages  of  Electroaic 
Tbarmoiiiatar 

The  instrument  has  a  number  of 
advantages  over  the  usual  type  of 
temperature  indicators  and  con¬ 
trols.  It  is  inherently  remote  indi¬ 
cating.  The  line  between  the  bulb 


A  heavy  Copper  Bus- Bar  for  panel  board 
and  terminal  assemblies  is  illustrated,  ac¬ 
curately  duplicated  in  two  planes  with 
angles  formed  both  flat  and  edgewise,  across 
tlie  materia!  horizontally  and  vertically. 

DI-ACRO  Bender  No.  2  has  a  forming 
radius  up  to  6“  and  capacity  of  cold 
rolled  solid  steel  bar  or  equivalent. 


Many  electrical  and  other 
parts  can  be  duplicated 
without  dies,  saving  Man 
I  lours  and  Critical  Materi¬ 
als  and  helping  to  meet  rush 
delivery  schedules.  DI- 
ACRO  Precision  Machines 

—  Shears,  Brakes,  Benders 

—  form  angle,  channel,  rod, 
tube,  wire,  moulding,  strip 
stock;  bi-metals,  dielectrics, 
sensitized  materials,  fiber 
slot  insulation,  frequency 
reeds,  etc. 


Send  for  Catalog 
"DIE-LESS 
DUPLICATING" 

showing  all  models  of  DI- 
ARCO  Benders,  Shears  and 
Brakes,  and  many  examples 
of  parts  formed  hy 

“DIE-LESS  DUPLieATINQ" 


Tempereture 

Bolotion  botween  tomporatuie  and  Toltago 
tmbolance  ior  tho  oloctronic  thormomotor 
(■olid  curro).  and  equation  used  for  plot- 
Hng  the  curre.  The  relation  between 
temperoture  and  the  output  Toltage  ap¬ 
plied  to  the  meter  or  reloy  is  also  shown 
(dash-dash  curre)’ 


321  Eighth  Ave.  So., 
Minneapolis  IS,  Minn. 


and  the  amplifier  may  be  flexible 
and  up  to  several  hundred  feet  long. 

To  operate  over  longer  distances, 
either  the  relay  or  meter  may  be 
removed  from  the  amplifier  assem¬ 
bly  and  placed  at  the  end  of  an¬ 
other  line.  As  the  impedances  of 
meters  and  relays  are  reasonably 
low,  effects  of  leakage  are  not  seri¬ 
ous. 

The  control  circuit  is  independ¬ 
ent  of  line  voltage  variations,  mak¬ 
ing  voltage  regulators  unnecessary. 

Range  and  sensitivity  of  the  in¬ 
strument  depend  primarily  on  the 
constants  of  the  bridge,  and  can  be 
varied  over  wide  limits.  As  the 
bulbs  contain  only  between  1  and 
2  cc  of  liquid,  the  response  to 
changes  in  temperature  is  very 
rapid. 

The  bulb  for  this  thermometer 
can  be  made  exceedingly  small 
when  particularly  close  control  of 
temperature  is  required  in  heating 
systems,  but  even  with  normal  size 
bulbs  the  heat  lag  is  much  lower 
than  with  most  conventional  types 
1  of  temperature  controls. 


Bud  Coils  oro  prccision-mado  for  ovary  purpose  for  which  inductances 
of  this  type'Ore  used:  Some  of  the  more  widely  used  ore  the  following: 
Air  wound  coils  for  standard  frequencies,  coils  with  Axed  or  ad|ustable 
ebupling,  and  coils  to  order  from  your  speciAcations.  Write  our  engi¬ 
neering  staff  what  you  need,  for  an,  estimate. 
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FIBRE 

FABRICATIONS 


N.  S.  BAER  COMPANY 

craftsmen  in  fibre  fabrication 
9-n  MONTGOMERY  ST.,  HILISIDE,  NEW  JERSEY 


/i^ead  to  postwar 

TRANSFORMER  NEEDS 


Vibration-proof  lock  on  Cop  •  With 
or  without  odjustoble  Dimmer"  feature 
•  Choice  of  five  colors  •  Well-insulated 
pinstic  body  •  Rugged  construction  • 
Easy  to  mount  •  Light  weight. 

for  complete  detoi/s,  write  to 


ELECTRONICS  DEPARTMENT 
SCHENECTADY,  NEW  YORK 


GENERAL 
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Table  of  Circular  and  Hyper, 
bolic  Tangents  and  Cotaii. 
gents  for  Radian  Arguments 

WPA  Mathematical  Tables  Proj. 
ECT,  conducted  under  Spontorship  of 
National  Bureau  of  Standards.  Puh~ 
lished  by  Columbia  University  Press, 
Momingside  Heights,  New  York  27, 
N.  Y.,  194S,  Alt  pages,  $5.00. 

The  main  table  in  this  volume  is 
devoted  to  the  circular  and  hyper¬ 
bolic  tangents  and  cotangents,  for 
radian  arguments  ranging  from  0 
to  2  at  intervals  of  0.0001.  Supple¬ 
mentary  tables  for  all  four  func¬ 
tions  over  the  range  from  0  to  10 
at  intervals  of  0.1  are  also  included. 
These  tables  may  be  regarded  as 
forming  a  companion  volume  to  the 
“Tables  of  Circular  and  Hyperbolic 
Sines  and  Cosines”  which  appeared 
in  1939.  The  entries  in  the  latter 
volume  are  given  to  nine  decimal 
places — equivalent  to  eight,  nine,  or 
ten  significant  figures  almost  every, 
where.  Since  the  tangent  and  co¬ 
tangent  vary  from  —  oo  to  oo  over 
a  range  of  «,  the  tables  in  this  vol¬ 
ume  are  given  to  eight  significant 
figures  rather  than  to  a  fixed  num¬ 
ber  of  decimal  places.  An  exception 
has  been  made  in  some  entries  near 
the  origin  and  near  i  n,  where  a 
few  additional  significant  figures 
are  given  for  the  sake  of  regularity 
in  format 


\  iAIt  wglnRRrt 

0  -  .pActalliin# 

in  stamping, 
punching,  driiiing,  tawing  and 
machining  of  libra  parts  at- 
swr*  th«  utmost  procition  in 
ovory  phato  of  production.  Fab- 
rkotiM  to  oxtromoly  cloto  tolor- 
ancot  ofFors  tho  solution  to  innu- 
morablo  dosign  problomt. 

Baor  vulcanisod  Ebro  products  bavo 
high  insulation  qualitios  cmd  aro 
oxcoptionally  tough  and  durablo;  pho- 
^  nol  fibro  parts  aro  otpociolly  opplkablo 

rwhoro  low  moisturo  absorption  it  a  fac¬ 
tor.  Writo  for  illustratod  Bullotin  120. 

lAEI  FOR  WASHERS, 

STAMPINGS,  GASKETS,  SPECIAL  SHAPES, 


Tho  day  tho  war  ondt  will  ba  rathar  lata  to  commanca  lining  up 
Hta  teurcat  of  supply  for  tha  transfortnars  and  othor  aguipmant  that 
you  will  naad  In  tha  manufacturo  of  your  post-war  product,  if  you 
want  to  hava  an  avan  braak  with  your  compatitors. 

Now  is  tho  tima  to  gat  tha  dotails  sattlad  as  to  tha  typo  of 
transformar  that  your  product  will  raguira  and  maka  tantativo  ar- 
rangamants  that  will  insura  your  anticipatad  raquiramants  baing 
promptly  mat.  Why  not  sand  your  spacifications  for  a  quotation? 


'Table  of  Reciprocals  of  the 
Integers  from  100,000 
Through  200,009 

WPA  Mathematical  Tables  Proj¬ 
ect,  conducted  under  Sponsorship  of 
NationcU  Bureau  of  Standards.  Pub¬ 
lished  by  Columbia  University  Press, 
Momingside  Heights,  New  York  27, 
N.  Y.,  1943,  204  pages,  %4.00. 

Tables  of  reciprocals  are  in  fre¬ 
quent  use  by  spectroscopists  for  the 
of  wavelengths  into 


mm  ELECTRIC  MANUFACTURINC  CO. 

7  Franklin  Dntrait  7.  Mich. 
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conversion 
wave  numbers,  and  vice  versa.  They 
may  be  applied  also  to  all  manner 
of  computations,  especially  with  cal¬ 
culating  machines,  by  using  multi¬ 
plication  to  perform  an  indicate  di¬ 
vision.  To  carry  out  these  opera¬ 
tions  the  computer  may  make  use 
of  the  7-figure  reciprocals  of  Oakes 
or  of  Cotsworth.  However,  in  the 
interval  from  100,000  to  200,000 
the  differences  between  the  succes- 
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fATi  AM*.  KH 

TECH  LAB  MICRQHMMETER 

.  .  .  gives  Sreti  and  instantaneous 
readings  oj  resistance  vatues  deem  to 
5  mkrohim  ond  i*p  to  1,000,000  mo* 
90(im».  Acourocy  in  all  nwoturMonlA  to 
bottor  tbon  2%.  Owtpot  b  tuffidont  to 
drive  rocordor.  Entiroly  AC  o|>oratod. 
Fwmbhod  in  two  modob.  lootonabiy 
prompt  delivonot.  For  comploto  data 
regarding  other  oppKeatioKi  write  for 
Mletin  Na  432. 


sive  entries  of  these  tables  vary 
from  1000  to  250  and  interpolation 
between  the  tabular  entries  is  some¬ 
what  diflfeult  To  facilitate  the  use 
of  reciprocal  numbers,  it  was  there¬ 
fore  decided  to  expand  by  tenfold 
the  scope  of  the  existing  tables  in 
this  interval. 

Preparation  of  manuscript  tables 
was  begun  in  December  1934,  by 
Dr.  C.  C.  Kiess  of  the  National  Bu¬ 
reau  of  Standards.  As  a  result  of 
numerous  requests  for  the  repro¬ 
duction  of  the  table,  the  manuscript 
was  given  to  the  Mathematical  Ta¬ 
bles  Project  in  March  1940.  This 
project  recomputed  the  values, 
checked  them  against  the  National 
Bureau  of  Standards  MS,  and  pre¬ 
pared  the  table  for  publication. 

•  •  • 

Radio  Data  Charts 

By  R.  T.  Beatty,  Wireless  World, 
Dorset  House,  Stamford  St.,  London, 
S.E.  1,  Third  Edition,  19 AS,  85  pages, 
price  7/6. 

A  COLLECTION  of  forty  radio  charts, 
variously  called  nomograms,  nomo¬ 
graphs  and  abacs,  that  have  ap¬ 
peared  from  time  to  time  in  the 
British  publication  Wireless  World. 
Much  of  the  text  was  rewritten  to 
give  as  much  factual  information 
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as  possible  in  the  .limited  space 
available,  with  purely  theoretical 
notes  omitted.  This  collection  cov¬ 
ers  the  most  frequently  recurring 
problems  associated  with  the  de¬ 
sign  of  radio  receivers.  The  8  x  lOi- 
in.  page  size  with  limp  paper  cov¬ 
ers  makes  individual  charts  readily 
accessible  and  large  enough  for  ac¬ 
curate  usage. 

Representative  charts  are:  No.  9 
— Self-inductance  of  multi-layer 
coils  of  circular  cross-section;  No. 
13 — Diameter  of  wire  or  strand  to 
give  coil  of  minimum  r-f  resis¬ 
tance;  No.  15 — Ratio  of  r-f  to  d-c 
resistance  of  a  coil;  No.  17 — In¬ 
crease  of  r-f  resistance  of  a  coil  due 
to  a  coaxial  copper  screening  can; 
No.  88 — Determination  of  optimum 
gap  in  iron-core  chokes;  No.  36 — 
Loudspeaker  dividing  networks. — 
J.M. 
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WALLACE  CLARK  &  COMPANY 

Consulting  Managtment  Engineers 

25  yaan  Planning  In  tha  Fialdi  of  Rataarch, 
Davalopmant,  Salas,  Enginaaring,  Production, 
FInanca  and  Ovarall  Managamant. 

S21  fifth  Avonue  New  York  17,  N.  Y. 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 
INDUSTRIAL.  ELECTRONICS 
Deolfn — ^DavelopiBMit— Modato 
Completo  l^boratoiT  and  Shop  FaclUuea 
6S09-1S — 27th  Ave. 

Kenoaha,  WU.  Telephone  2-421S 


The  Oxy-Acetylene 
Handbook 

By  The  Linde  Air  Products  Co.,  SO 
E.  U2nd  St.,  New  York  17,  500  pages, 
price  $1.50,  19^S. 

Planned  as  a  basic  manual  on 
oxy-acetylene  welding,  cutting,  and 
related  processes,  this  how-to-do-it 
book  is  valuable  to  anyone  desiring 
to  be  a  welder  or  user  of  the  oxy- 
acetylene  torch,  and  to  those  con¬ 
cerned  with  teaching  or  training 
students  or  employees.  The  low 
price  makes  the  book  particularly 
attractive. 

The  subject  is  written  interest¬ 
ingly,  comprehensively,  and  author¬ 
itatively,  and  is  accompanied  by 
400  illustrations,  the  combination 
making  the  book  easily  understood 
by  those  with  little  or  no  knowledge 
of  metals  and  their  properties. 
Much  of  the  basic  material  on  weld¬ 
ability  of  metals  will  be  of  interest 
even  to  those  working  exclusively 
with  electronic  welding  equipment. 

The  first  of  seven  parts  covers 
applications  of  the  oxy-acetylene 
flame,  historical  development,  metal 
properties  important  to  welding, 
thermal  expansion,  tests  for  identi¬ 
fying  metals  and  various  methods 
of  preparing  for  welding.  Consid¬ 
erable  space  is  devoted  to  the  oper¬ 
ating  principles  of  equipment,  and 
its  care  and  maintenance. 

The  second  and  third  parts  deal 
individually  with  different  metals 
and  forms  such  as  sheet  steel,  plate, 
pipe,  cast  iron  and  steel,  galvanized 


j.  L.  A.  McLaughlin 

Designer  of 

Communications  Receivers 
P.  O.  Box  529,  LaJolla,  Calif. 


JOSEPH  RAZEK,  Ph.D 


Consulting  Physicist 
uid  Hachanical  Kigliicerliig  VrMemm 
Iiutniiiienti  uid  Caiitn>l  Dertces  Etoatroglsi 

SpeoUUsU  In  Colorimetry.  Spectophotometry  and 
Industrial  Color  Control 
Laboratory  and  Shop  FaclUtlaa 
202  Dart*  Road  .  Llaaareh.  Pa. 

Phone  ITIIUqp  <910 


WOODWARD  &  KEEL 

Consulting  Engineers 
Industrial  Electronics 
Communications 

Earle  Bld^.,  Washington  4,  D.  C. 


Professional 
Assistance  .  .  . 

in  solving  your  mosf  dii- 
ficulf  problems  in  fhe 
specialized  Held  of 
electronic  devices  is 
offered  by  consultants 
whose  cards  appear  on 
this  page. 
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894  BROADWAY. .  .  .  NEW  YORK  3.  N.  Y, 

Telephone;  Algonquin  4-4770 


iron,  alloy  steels,  aluminum,  copper 
alloys,  nickel  alloys,  magnesium  and 
lead.  Part  IV  covers  miscellaneous 
applications  such  as  bronze-surfac¬ 
ing,  hard-facing,  silver  brazing, 
and  flame  treating. 

The  remaining  .parts  describe 
flame  cutting,  inspection  and  man¬ 
agement,  and  conclude  with  25 
tables  of  welding  and  cutting  data, 
properties  of  metals,  etc. — M.G.V. 


Tables  of  Lagrangian  Inter- 
polation  Coefficients 

\/PA  Mathematical  Tables  Proj¬ 
ect,  conducted  under  Sponsorship  of 
National  Bureau  of  Standards.  Pub¬ 
lished  by  Columbia  University  Press, 
Momingside  Heights,  New  York  27, 
N.  Y.,  19 US,  S90  pages,  $5.00. 

Several  tables  are  available  giv¬ 
ing  the  coefficients  required  in  in¬ 
terpolation  with  the  aid  of  differ¬ 
ences.  However,  there  are  no  ex¬ 
tensive  tables  for  interpolating  by 
means  of  the  most  fundamental 
methods — the  Lagrangian  formula 
— which  involves  only  the  tabular 
entries  themselves  and  requires  no 
differences.  The  Lagrangian  inter¬ 
polation  formula  (without  the  re¬ 
mainder  term)  approximates  a 


The  ditriftcrive,  penetrating  glow  of  Neon 
Lomp«  i>  enhanced  by  this  "SIGNAL”  PHol 
Light.  Features  a  full-view  plastic  head 
which  permits  visibility  of  the  glow  from 
all  ongles.  Head  unscrews  from  front  of 
panel,  facilitating  replacement  of  lamps. 

ASSIMBLIES  COMPLETE  WIIH  LAMPSt 

We  can  supply  ony  G.E.  or  Westinghouse 
Lomp  together  with  the  required  PHot 
light:  We  manufacture  a  complete  line 
for  every  use  in  Aircraft,  Morine,  Eodio, 
Electronic,  and  Electrical  apparatus  .  .  . 
Send  sketch  for  prompt  estimates  and 
suggestions.  Write  for  Catalog. 


110-YOLTS  A.  C. 

from  DIRECT  CURRENT 

with  KATOLIGHT  ROTARY  KONVERTERS  for 
operating  radio  and  •lactronic  equipment, 
moving  picture  proiectort,  sound  apparatus, 
A.C.  appliances,  etc. 


ELIMINATES  NAME  PLATES 
ON  FRONT  PANELS 


A  proven  method  for  placing  durable  characters 
on  metal  panels,  chassis,  etc. 

★  Inlaid  baked  enamel  characters, 
protected  by  background  finish;  re¬ 
sistant  to  abrasion  and  salt  spray; 
guaranteed  to  pass  50  hour  salt 
spray  test. 

★  Front  panel  will  match  finish  of 
cabinets. 

★  Recommended  and  endorsed  by 
scores  of  manufacturers  of  elec¬ 
tronic,  sound  and  communication 
equipment. 

RROMPT  DELIVERIES-Send  us  your  bore  iobricoted 
steeLond  within  two  weeks  we  will 
return  it  Finished  and  marked  to 
your  complete  satisfaction. 


225  WAH 

CONVERTER  ^ 

Availabla  In  sliet  110  through  2500  watts, 
1800  and  3500  r.p.m.  ball  bearing  designs. 
Furnish  standard  1 10-volt  M  cycle  A.C.  from 
32,  110  or  220-volts  direct  current.  Quiet  In 
operation.  Can  be  furnished  with  special 
filtering  equipment  for  sensitive  radio  work. 
PIONEERS  IN  THE  BUILDING  OF 
SMALL  ROTARY  CONVERTERS 
At  present  Kato's  entire  production  must  be 
directed  to  furnishing  converters  on  high 
priority  orders.  Wire  us  If  you  need  this 
kind  of  equipment  for  orders. 

A/so  manufacfurtrt  of  A.C.  and  O.C.  ganara- 
ton  ranging  from  350  wafft  through  25  K.W.; 
power  planti;  Fraquancy  changan;  high  fra- 
quency  ganaratan;  and  Motor  Generator  Sets. 

KATO  ENGINEERING  CO. 

71  ELM  ST.  MANKATO.  MINN. 


ALSO... 

SILK  SCREENING 
on  front  ponels  and 
chassis,  either  metal  or 
plosfc.  Sharp  clearchar- 
acters  durobly  printed 
‘on  finished  or  unfinished 
surfoces. 


64  FULTON  STREET  •  NEW  YORK  7,  N.Y. 
Tel.:  REctor  2-9867 


ICS 


ELECTRONICS  — Je/y  1944 


367 


given  function  by  a  polynomial. 
The  polynomial  of  degree  n—i,  de¬ 
termined  by  n  tabular  entries,  is 
referred  to  as  an  n-point  interpola¬ 
tion  polynomial.  The  present  vol¬ 
ume  extends  the  few  existing  tables 
of  Lagrangian  interpolation  coeffi¬ 
cients  in  these  n-point  polynomials 
for  n  =  8,  4,  . . .,  11  by  giving  the 
entries  at  smaller  intervals  of  the 
argument  and  by  making  adequate 
provisions  for  interpolation  near 
the  beginning  and  near  the  end  of 
a  table. 

Furthermore,  all  the  coefficients 
of  Everett’s  central  difference  for¬ 
mula  involving  differences  up  to 
the  eighth  order  are  identical  with 
certain  Lagrangian  coefficients 
given  in  the  table.  In  particular, 
Everett’s  second-order  coefficients 
are  here  tabulated  at  the  interval 
of  0.0001 — a  smaller  interval  than 
in  other  existing  tables.  Coefficients 
of  the  Gregory-Newton  and  New¬ 
ton-Gross  formulas  may  also  be 
found  in  this  volume. 
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Industrial  Electronic 
Control 

By  W.  D.  Cockrell,  McGraw-Hill 
Book  Co.,  New  York,  19^4,  £47  pages, 
price  $2.50. 

Realizing  that  it  would  be  impos¬ 
sible  to  describe  and  analyze  in  one 
volume  all  the  elements  and  circuits 
used  in  the  application  of  electronic 
control  for  industrial  uses,  the  au¬ 
thor  has  concentrated  his  presenta¬ 
tion  on  the  important  basic  circuits 
that  can  be  combined  to  form  an 
endless  variety  of  complete  circuits. 
Design  mathematics  has  been  stud¬ 
iously  avoided.  This  interesting 
and  up-to-date  book  should  be  of 
value  particularly  to  industrial  en¬ 
gineers  and  radio  servicemen  who 
sell,  install  and  service  electronic 
devices  for  the  machine  tool,  print¬ 
ing,  processing,  packaging  and 
other  industries. 

Functions  and  characteristics  of 
standard  and  special  tubes  as  in¬ 
tegral  parts  of  circuits  are  empha¬ 
sized,  rather  than  what  takes  place 
in  the  tubes  themselves.  Electron 
tubes  covered  include  vacuum  and 
gas-filled  rectifiers,  grid-controlled 
vacuum  and  gas-'filled  tubes,  sec¬ 
ondary-emission  tubes,  fluores¬ 
cent  indicator  tubes,  cathode-ray 
tubes,  kenotrons  and  phanotrons. 
The  mechanical  construction  and 
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lator.  The  plating  is  brought  up 
flush  with  Hie  surface  regardless 
of  the  depth  of  the  groove. 


The  bo 
snd  bai 
of  eny 
standar 
descrilx 
expiaini 
fives  > 
fundam 
capacit: 
ments 
Part  II 
into  fc 
operatic 
sre  des< 
a  comp 
compon 
cices  a 


Commutators  having  conductive 
surfoces  os  norrow  as  .005  inch 
are  readily  AAetapIctthd. 


Our  engineeriog  department  will 
gladly  assist  you. 


Send 
CON* 
In  1( 

Sfe. 

esHta 


Name 


Above  Slip-Ring  shews  how 
Metaplating  eliminates  a  ticklish 
assembly  job.  Close  fitting  Slip- 
Rings  are  plated  into  a  one  piece 
plastic  insulator. 


Addr 


MCTAPLAST  Procew  Patented 
U.  S.  and  Foreign  Patents 
TRADE  MARK  REGISTERED 


Posit 


Metal  Plating  on  Plastics 


GENERAL  CEMENT  mfg  co 

Rockford,  Illinois,  U.S.A. 


JSTEEICRIP 


Continuously 
Since  1930 


HIPOWER  CRYSTAL  COMPANY 

Sales  Division  —  205  W.  Wacker  Drive,  Chicago  6 
Factory— 2033  Charleston  St.,  Chicago  47,  III. 


CONTACTS 


FOR  THE  FIELD  OF  ELECTRONICS 


and  servicing 


SPOT  WELDEBS.  electric,  from  H  to  50  KVA  AC  ABC 

TBAN8FOBUEB8.  ipecUl  ond  itaiidard  Urpee  WELDEB8 

INCANDESCENT  LAMP  manurscturlns  equiioiient  From  100  to 
FLUOBE8CENT  TUBE  MAKING  EQUIPMENT  400  Amp. 
ELECTBONIC  EQUIPMENT,  vacuum  pumDs.  etc. 

COLLEGE  Co'!““  *" 


electronic 

equipment 


Strip  Insulated  Wires 

QUiCKKR  .  ..  BETTER 


This  is  the  first  book 
written  especially  for  vL 
the  practical  electrical  \\ 
man  in  industry  who 
desires  a  basic  work- 
ing  knowledge  of  elec-  Va 
trooic  control.  In  a  direct, 
non  -  mathematical  treat-  V 
ment,  it  gives  yon  funds-  y 
mentid  facts  of  dectron  tube 
operation  and  practical  appli¬ 
cations  of  tubes  in  basic  cir¬ 
cuits  of  industrial  electronic 
control  apparatus.  Here,  clearly  ' 
explained  and  illustrated,  is  the 
information  needed  by  the  engi¬ 
neer  for  quick  understanding  of  the 
special  aspects  of  this  new  and  rap¬ 
idly  growing  field. 
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and  other  glass  or  electronic  products,  on 
production  or  laboratory  basis. 
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A  Guide  to  the  Uoderetaodini  of  Elec- 
tronio  Control  Circuits  for  Industrial  Use 
■y  W.  D.  COCKRILL 

Industrial  Eugiuerring  Divisions, 

General  Electrxc  Co. 

247  pages,  8Va  x  tVa,  175  illestratiens, 
charts,  aad  fablos,  $2.50 

The  book  emphaaizes  the  fundamental  functions 
and  baaic  circuits  important  to  an  understanding 
of  any  control  circuit  and  illustrates  them_  by 
standard  commercial  devices  in  uie  today.  PaH  I 
describes  the  various  types  of  electron  tubes  and 
explains  their  construction  and  operation.  Part  II 
gives  you  basic  circuit  components,  reviews  the 
fundamental  nature  of  such  terms  as  resistance, 
capacity  and  inductance  and  covers  the  instru¬ 
ments  which  measure  voltage  and  current.  In 
Part  III  the  basic  electronic  circuits  are  classified 
into  general  types,  and  the  necessary  parts,  the 
operation  and  the  common  applications  of  each 
are  described.  Part  IV  shows  you  how  to  analyze 
a  complicated  circuit  and  bresik  it  down  into  its 
component  parts,  giving  standard  commercial  de¬ 
sires  as  illustrations. 
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BAKELITE  SHEETS,  RODS,  TUBES  •  FABRICATED  PARTS 


Test  Insulation  the  Modern  Way 

with  a  MODEL  B-5 


G-E  Safety  Door 
Interlock  Switch 


designations  of  tubes  are  included. 

The  section  on  circuit  compon¬ 
ents  deals  with  instruments,  me¬ 
ters,  resistors,  capacitors,  reactors, 
transformers,  and  miscellaneous 
components.  A  chapter  on  combin¬ 
ations  of  component  elements  sum¬ 
marizes  the  results  obtained  by  con¬ 
necting  resistance,  capacitance  and 
inductance  in  various  ways. 

Electron  circuits  for  industrial 
control  are  functionally  described. 
These  circuits  include:  Rectifying 
of  a.c.  to  d.c.  and  the  inverse,  filter¬ 
ing,  frequency  conversion;  ampli¬ 
fication  of  signals;  oscillator  cir¬ 
cuits  ;  timing  circuits  and  switches ; 
phase-shifting  circuits.  The  book 
uses  industrial  symbols  throughout. 

Descriptions  of  the  construction 
and  operation  of  industrial  elec¬ 
tronic  control  devices  and  their  var¬ 
ious  applications  include  d-c  photo¬ 
electric  circuits,  d-c  motor  control, 
a-c  relay  and  timing  circuits,  a-c 
power  circuits,  resistance  welder 
controls  and  welder  current  regu¬ 
lators.  The  appendices  are  devoted 
to  nomenclature  and  symbols,  nomo¬ 
grams  for  values  of  resistance  and 
reactance,  wave  shapes  and  charac¬ 
teristics, 


There  is  no  such  handbook,  so 
let  our  twenty  years  of  experi¬ 
ence  guide  you. 


ELECTRICAL  INSULATION  CO 


and  notes  dealing  with 
photoelectric  phenomena. 

References  cited  throughout  the 
book  comprise  a  valuable  bibliog¬ 
raphy.  Numerous  diagrams  and  il¬ 
lustrations  are  used  to  supplement 
the  text. — J.K. 


Infrared  Spectroscopy 

By  R.  Bowling  Barnes,  Robert  C. 
Gore,  Urner  Liddell  and  Van  Zandt 
Williams.  Reinhold  Publishing  Cor¬ 
poration,  SSO  W.  Ji2nd  St.,  New  York 
18,  N.  Y.,  19kU,  tS6-VI  pages,  price 
$2.25. 

Industrial  applications  of  the  in¬ 
frared  spectroscopic  technique  of 
identifying  unknown  materials  are 
stressed  in  this  compact  discussion 
of  the  subject.  Only  40  pages  are 
taken  up  with  text  that  covers  the 
general  principles  for  both  qualita- 
tives  and  quantitative  analyses.  At¬ 
tention  is  called  to  the  fact  that 
much  research  needs  to  be  done  on 
quantitative  analysis  by  spectro¬ 
scopy  to  bring  it  up  to  the  present 
level  of  qualitative  analysis. 

Of  particular  interest  to  manu¬ 
facturers  of  electronic  equipment 
would  be  a  two-page  section  on  the 
present  status  of  infrared  spectro¬ 
scopy  in  industry.  In  this  section 
{Continued  on  page  374) 
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Mechanical  and  electrical.  Graduate  or 
equivalent  training.  Required  for  develop¬ 
ment  work  in  the  following  branches: 

1.  Electro-mechanical  devic<?8,  communi¬ 
cation  systems.  Must  be  interested 
in  development  and  familiar  with 
magnetic  circuits. 

2.  Measuring  and  control  instruments. 
Background  should  .  be  in  electrical 
engineering,  including  electronics. 

Statement  of  Availability  Required. 

P-682.  Electronics 
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electronics,  acoustics  or 
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Good  opportunity  to  get 
fconiliar  with  latest  in 
audio  and  acoustical 
laboratory  equipment  and 
to  do  interesting  research 
work. 

Excellent  working  condi¬ 
tions  and  postwar  oppor¬ 
tunities  with  long  estab¬ 
lished  manufacturer. 
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with  at  least  seven  years  industrial  experience  in  important 
electronic  research  and  development  work.  Capable  of 
executing  important  assignments  from  development  to 
finished  products. 

JUNIOR  ENGINEERS 

with  sound  educational  background  and  at  least  one  year's 
experience  in  factory  or  engineering  departments. 

RADIO  TECHNICIANS 

with  factory  or  model  shop  experience  in  building  test 
equipment  on  production  testing  electronic  equipment. 

MECHANICAL  ENGINEER 

preferably  experienced  in  electronic  field. 

PRODUCTION  MAN 

experienced  in  setting  up  and  supervising  production  lines. 

These  positions  offer  unusually  good  permanent  opportunities — top 
compensation  commensurate  with  qualifications— congenial,  progres¬ 
sive  organization  with  new  and  one  of  the  best  equipped  laboratory 
and  factory  facilities  in  the  industry.  Interesting  work  on  most 
advanced  type  of  military  communication  equipment  now  and  broad 
field  of  quality  radio-phonograph  and  industrial  electronics  after 
V-Day.  Please  write  detailed  qualifications,  including  availability,  if 
not  occupied  to  full  extent  of  ability  in  war  work,  to  Dept.  F. 
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Fort  Wayne,  Indiana 
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Insulators  .  .  .  Can-Liners  .  .  . 
Condenser-  Boxes  .  .  Gaskets  .  . 
and  other  Specialties,  made 
to  your  Blueprint  Specifications, 
from  Fish  Paper,  N^arnished 
Paper,  or  Special  ACME  Treated 
Stocks. 


Plain  or  Printed.  U.  S  War 
Packaging  Specifications 
accurately  followed. 


Our  sample  department  will 
analyze  and  solve  your  Carton 
problems.  Consult  us.  Write. 


ACME  FOLDING  BOX  CO.  inc 

Established  1914 
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some  of  the  possible  applications  of 
electronic  principles  to  spectro¬ 
scopic  technique  that  would  shorten 
the  time  of  testing  and  simplify 
the  procedure,  particularly  for 
standardized  units  to  be  used  in 
production  processes,  are  pointed 
out. 

Nearly  70  pages  are  devoted  to  a 
presentation  of  363  standard  refer¬ 
ence  curves  developed  by  the  au¬ 
thors  in  the  research  laboratories 
of  the  American  Cyanamid  Com¬ 
pany,  where  they  are  employed. 
These  curves  can  be  used,  within 
limitations,  to  study  correlations 
between  molecular  structure  and 
spectral  characteristics,  to  identify 
unkno\^^l  materials  and  to  deter¬ 
mine  in  advance  the  possibilities  of 
infrared  analysis  of  mixtures.  They 
are  indexed  both  by  empirical  for¬ 
mula  and  alphabetically. 

A  bibliography  that  takes  up 
more  than  120  pages  contains  over 
2,700  references  to  technical  ar¬ 
ticles  and  books  on  spectroscopy. 
It  is  arranged  alphabetically  by 
authors  and  is  also  indexed  by  sub¬ 
ject. — K.S.P. 
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ever  and  whenever  the  retfuire- 
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handling. 

Our  stem  peacetime  stand¬ 
ards,  maintained  for  so  many 
years,  have  proven  comfortably 
adequate  to  meet  government 
specifications. 
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reproduction  of  MICRODYNE 
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Control  of  Electric  Mptors 

I5y  Paisley  B.  Harwood,  John  Wiley 
mid  Sous,  Inc.,  New  York,  Second 
Edition,  1!)44,  479  pages,  price  $5.00. 

Since  publication  of  the  first  edi¬ 
tion,  the  author  has  received  many 
welcome  comments  and  suggestions, 
all  of  which  have  received  careful 
consideration  in  the  preparation  of 
this  edition.  As  a  result,  about  80 
more  pages  have  been  added,  which 
include  complete  chapters  on  syn¬ 
chronous  motor  control  and  vari¬ 
able-voltage  control.  Many  new  ta¬ 
bles  give  the  ratings  of  motors  and 
controllers.  Text  and  illustrations 
have  been  revised  to  conform  to 
latest  practice  and  to  include  new 
devices  and  methods. 

The  book  describes  the  charac¬ 
teristics  of  various  types  of  motors, 
and  explains  how  the  inherent  fea¬ 
tures  of  each  are  used  for  control 
purposes.  Design,  construction,  and 
operating  characteristics  of  con¬ 
trollers  and  control  devices  are  de¬ 
scribed  in  detail.  Motor  accelera¬ 
tion  methods,  dynamic  braking 
methods,  and .  resistor  design  are 
discussed  in  a  practical  Compre¬ 
hensive  manner.  Numerous  dia¬ 
grams  and  graphs  contain  much 
reference  material. — J.K. 
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